.\ TOMAtO SPOTTED WILT VIRUS 

Viruses ih the tbspovlrus genus infect a wide variety of plant 
^pebieSi particularly tbb&6bbi peahuti vedet§ble3 and pfnamental plants. 
5 two Vto ip^cl^Si tdmgtd Shotted Wilt virU£l (TSWV) and impatiens 
H^cl'dtld^^bt villus (IM^V) rebbghlzed Within the Tospovlrus genus. 

fbm&tb Sfjbttid Wilt VlhJS (t^WV) Is unique amoh^ plant viruses 
Iri that the hublelb Ubid-jpi'bteih complex Is covered by a lipoprotein 
ehv^lbpe £ind It IS the oHly thrlp transmitted virus. This virus has 
10 recently been cldsSifi^d fiS the Tospovlrus gerius 6f jthe Bunyaviridae 
family. TSWV virions contain a 29K nucleocapsid protein ("NP" or "N"), 
two hiembfane-dssociated glycoproteins (58K and 78K) and a large 
200K protein presumably for the viral transcriptase [see J. Gen. Virol. 
71:2207 (1991); Virol. 56:l2 (1973); and J. Gen. Virol. 36:267 (1977)]. 

1 5 The virus genome consists of three negative-strand (-) RNAs designated 

L RNA (8900 nucleotides). RNA (5400 nucleotides) and S RNA (2900 
nucleotides) (see J. Gen. Virol. 36:81 (1977); J. Gen. VIroI. 53:12 (1981); 
and J. Gen; Virol. 70:3469 (1989)], each of which is encapsulated by the 
NF*. The partial or full-lertgth sequences of S RNAs from three TSWV 
20 Isolates reveals the preisehce of two open reading frames (ORF) with an 
ambisense gene arrahgenient [see J. Gen Virol. 71:1 (1990) and J. Gen. 
Virol, 72:461 (1991)], The larger open ^^readi^g frame is located on the 
viral RNA strand and has the capacity to encode a 52K nonstructural 
protein* The smaller ORF Is Ibcated on the viral complementary RNA 

2 5 strand and is translated thrbugh a subgenomic RNA into the 29K NP. 

The ambisense cbding strategy is also characteristic of the 
TSWV M RNA, with the open reading frames encoding the 58K and 78K 
membrarie-associated glycoproteins. The TSWV L RNA has been 
sequenced to encode a large 200K protein presumably for the viral 
30 transcriptase. 

Two TSWV serogroUps, "L" and "i", have been identified and 
characterized based oh serological analysis of the structural proteins 
and rtibrphology bf cytopathic structures [see J. Gen Virol. 71:933 
(1996) and Phytopatholbgy 81:525 (1991)]. They have serologically 

3 5 conserved G1 and G2 glycoproteins, but the NP of the "1" serogroup is 
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serologically distinct from that of the 'L' serogroup. Comparison of the 
NP between the 'L" M serogroups has shown 62% and 67% identities 
£it hud^ptidd and aritlnb At\d Isvels, respectively (see J. Gen. Virol. 
72:2597 (1991)1. 

5 tSWV has a Wide host range, Infecting more than 360 plant 

spdcles of 50 (aitlllid^ dhd causes significaht econdrnic losses to 
Ved^t^blgs dhd brharti6htat plants Worldwide. The 'L" serogroup has 
been fbiihd extensively IH field crops such as vegetables and Weeds, 
While the *l^ ^erb^^oup has been largely confined to ornamental crops. 
10 A cucurbit Isolate has recently been identified [se'e .Plant Disease 

68:1006 (1984)] as a distinct Isolate because it systemicaily infects 
watermelon and other cUrcUrbits and its NP is serologically unrelated 
to that of either serogroup. Although the spread of the TSWV disease 
can sometimes be reduced by breeding resistant plants or using non- 

1 5 genetic approaches, complete control of the disease by these 

conventidnal methods has generally proven to be difficult [see Plant 
Disease 73:375 (1989)]. 

Since 1986, numerous reports have shown that transgenic plants 
with the coat protein (CP) gene of a virus are often resistant to 
20 Infectioh by that virus. This phenomenon is commonly referred to as 
coat protein-mediated protection (CPMP). The degree of protection 
ranges from delay in symptom expression to the absence of disease 
symptorns and virus accumulation. Two recent independent reports 
[see Biol. Technology 9:1363(1991) and Mol. Plant-Microbe Interact. 

2 5 5:34 (1992)] showed that transgenic tobacco plants expressing the 

nucleocapsid protein (NP) gene of TSWV are resistant to Infection by 
the horriologous Isolate. However, since TSWV is Widespread with many 
biologically diverse Isolates, it is very important to test the 
effectiveness of the transgenic plants to resist infections by different 

3 0 TSWV isolates. The findings of the present invention expand on those of 

the previous reports by dertionstrating that transgenic plants according 
to the present Invention ehbwed resistance to two heterologous 
Isolates of the *L" serogroup and an Isolate of the "1" serogroup." We 
also show that resistance to the two heterologous isolates of the "L" 
3 5 serogroup was mainly found in plants accumulating very low, If any, 
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levels of NP, while trartsgehic plants that accumulated high levels of NP 
were resistant to the isttldte of the "I" serogroup. 

However, no feislstdnce was observed to a Brazilian isolate, 
although the pl&hts that iccutnulated high levels bf the N protein did 
5 display deldy iri syHiptdhi feixpfession. this Brazilian isolate, 

d^sl^tiated tsWV y His th§ N protein that was Serologically distinct 
frdW the "L* iittd sei-ti^foups and biblbgically differs from a curcurbit 
Isolate in that the tsWV-b does not systemlcally Infect melons or 
sqii^lgh . Therefore, 6h§ dspect of the present invention Is to 
1 0 characterize the TSWV-B by cloning and sequencln'g of Its S RNA and 
comparisons With the published sequences of other TSWV Isolates, 
p Various aspects bf the present invention Will become readily 

apparent from the detailed description of the present invention 
Including the following example, figures and data. 
15 In the Figures; 

ro Fig. 1 depicts the strategy for cloning the NP gene from viral RNA 

according to the present Invention; 

Fig. 2 deplete thO/^fv-vlve transient expression of the nucleocapsid 
protein (NP) gene of tomato spotted wilt virus according to the present 
Invention in. tobacco protoplasts; 

Fig. 3 depicts the location of the sequenced cDNA clones in the 
TSWV-B S RNA according to the present invention; 

Fig. 4 depicts a dendogram showing relationships among TSWV 
isolates according to the present invention; 
25 Fig. 5 depicts the serological relationship of TSWV isolates 

described herein; 

Fig. 6 depicts the correlation of the level of nucleocapsid protein 
(NP) accumulation In transgenic plants with the degree of resistance to 
TSWV Isolates; 

3 0 Fig. 7 depicts the VsWV-BL N coding sequences Introduced Into 

transgenic plants In accordance with one aspect of the present 
Invention; and 

Fig. 8 depicts the T^V-BL half N gene fragments Introduced into 
plants In accordance with one aspect of the present invention. 
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More specifically, figure 2 depicts transient expression of the NP 
^erie lii which the tbhstfucts were transferred Into tobacco mesophyll 
protoplasts using polyethylene glycol (PEG). The transformed 
pfbtdptagts wer§ ^ub§dciu§ntly Incubated for two ddys for the 
5 expressloh of the NP g§H§. Protelhs Werd iSxtractdd trom th-a 

prbtopifiStS and t§§ted lof- the UP by doubla^ antibody sandwich enzyme- 
iihkgd tmrhuhbsdrbdfit elSsdy (DAS-^LISA) U^irig dhtibbdies kgalnst the 
tSWV NP. UP^ and NP+ rfepresent the protoplasts transformed with 
pla^fiild^ pBl5^5-NP- and pBI525-NP+. respectively. Concentration of 
1 0 the ahtlbodles for cbatlhg: 5 jig/ml: dilutibn of th6 enzyme conjugate: 
1:250. Data Were taken 30, 60 and 90 min. after addition of siubstrate. 

In figure 3, the five overlapping cDNA clones are shown to scale 
below a S RNA map of TSWV-B. These clones were synthesized with 
random primers frbni double-stranded RNA Isolated from N. benthamiana 
15 plants Infected with TSWV-B. 

In figure 4, the sequences were compared using the plleup 
program of the GCG Sequence analysis software package. Horizontal 
lines are proportiohal to the genetic distance while vertical lines are 
of arbitrary length and have no significance. 
20 More specifically, In figure 5, A/, benf/iam/ana Domln. were 

Infected with TSWV Isolates [TSWV-BL (a lettuce Isolate), Arkansas, 
low pakchoy (TSWV-10W), Begonia, and Brazil (TSWV-B)). An Infected 
leaf disc (0.05 gram) was ground in 12 ml of the enzyme conjugate 
buffer and .analyzed by ,DAS-ELISA using antibodies raised against 

2 5 TSWV-BL vlfOfl- (BL viforr). or the NP of TSWV-BL (BL-NP), or TSWV-I (I- 

NP). Concentration of antibodies .for coating were 1|ig/ml; dilution of 

\JlV-.OV\ , 

conjugates were 1:2000 for BL vifeft; 1:250 for BL-NP, and 1:1000 for 1- 
NP. The results were taken after 10 minutes (BL), 50 minutes (BL-NP), 
or 30 minutes after adding substrate. 

3 0 With regard to figure 6, transgenic plants were assayed In DAS- 

ELISA for NP accurtiulatlbn With antibodies raised against the NP of 
TSWV-BL. Plants were read 150 min. after adding substrate and the 
trahsgenic plants Were grouped Into four categories: OD405nm smaller 
than 0.050, OD405nm between 0.050 to 0.200, OD405nm between 0.200 
3 5 to* 0.400, and OD4o5rtm greater than 0.400. The OD405nm readings of 
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control NP (-) plants were from zero to 0.05. The same plants were 
challenged with elthfif the Arkansas (Ark) and 10W pakchoy (10W) 
Isolates or the Be^dhia isblete and the susceptibility of each plant was 
rebdi-ded about 12 d^ys dtter inoculation. The t-^sUlts were pooled from 
5 titty^dh^ Ri NP (4) pMs thdculated with the Arkslhsas and IdW 

(iilkGhoy Isblatas ahd dfid huhdred thirty-nine Ri NP(4-) plants ihpculated 
with thd Begdhia \&6\&t&i Numbers above bars represent total numbers 
of Ri NP(+) plants tbsted. 

EXAMPLE I 
10 isolatlbn of TSWV-BL RNAs: 

the TSWV^BL Isolate was purified from Datura stramonium L. as 
follows: the infected tissues were ground in a Waring Blender for 45 
sec With three volumes of a buffer (0.033 M KH2PO4. 0.067 h^^^HPB^. " 
0.01 M NaaSOa). the homogenate was filtered through 4 layers of 

1 5 cheesecloth moistened With the above buffer and centrlfuged at 7,000 

rpm for 15 min. The pellet was resuspended in an amount of 0.01 M 
NaaSOa equal to the original weight of tissue and centrlfuged again ait 
8,000 rpm for 15 min. After the supernatant was resuspended In^ari yi 
amount of O.OI M Na2S03 equal to 1/10 of the original tissue -wel^»S 
20 ^^3t6 virus extract was cehtrifuged at 9,000 rpm for 15 min. and the 
supernatant Was carefully loaded on a 10-40% sucrose step gradient 
made Up in 0.01 M Na2Sd3. After centrifugation at 23,000 rpm for 35 
rniri.j the virus zone (about 3 cm below meniscus) Was collected and 
diluted With tW6 volumes of 0.01 M NaaSOa. The Semi-purified virus 

2 5 was pelleted at 27,000 rpm for 55 min. 

EXAMPLE II 

Purification of TSWV and viral RNAs: 

The TSWV-BL isolate (see Plant Disease 74:154 (1990)] Was 
purified from Datura strariionium L, as described in Example I. The 

3 0 purified virus Was resuspehded In a solution of 0.04% of bentonite, 10 

Hg/ml Of proteinase K, 0.1 M ammonium carbonate, 0.1% (w/v) of 
sodiuni diethyldithiocarbahate, 1 mM EDTA, and 1% (w/v) of "sodium 
dodecyl sulfate (SDS), Incubated at 65°C for 5 min., and Immediately 
extracted from H2p-saturated phenol, followed by another extraction 
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with chloroform/isoamyl alcohol (24:1). Viral RNAs were precipitated 
in 2.5 volumes of ethahol dnd dissolved in distilled H2O. 

EXAMPLE III 

cDNA and PCR-bfided HP 06he tlohliig: 

5 the first Strartd cdNA Was^yhthesiz^d ft-om puriflad TSWV-BL 

RNAs using rahdbm )}i'iiiiefs els dascribed by Gubler sind Hoffman [sde 
Gene 25:263 (1963)]. The Sdcond strlind Wa^ produced by treatment of 
the sartiple with RNase H/bMA polyrtiei-ase. The fesuitlrig. double- , 
stranded cDNA sample Wis size-fractionated by sucrose gi-adient 

1 0 cehtrifugation, methylated by EcoRI methylase, and vEcoRI linkers were 
added. After dige&tidh with EcoRi. the cDNA sample was ligeted into 
the EcoRI site of pUG18. Whose 5-terminei phosphate groups were 
removed by treatment with calf intestinal alkaline phosphotase. E. coli 
DH5 a competent cells (Bethesda Research Laboratories) were 

1 5 transformed and clones containing TSWV cDNA Inserts Were first 

selected by plating on agar plates containing 50 ^g/mi of ampiciliin, 
IPTG, and X-gal. Plasmid DNAs from selected clones were isolated 
using an alkaline lysis procedure [see BRL Focus 11:7 (1989)], and the 
insert sizes were detet-mined by EcoRI restriction enzyme digestion 
20 folibwed by DNA transfer bhto GeneScreen Plus nylon filters (DuPont). 
Plasmid clones that borttdlned a TSWV-BL S RNA cDNA insert were 
identified as described below by hybridizing a/o'^^T"'^*'®"®^ 
oligomer (AGCAGGCAAAACTCGCAGAACTTGcf^omplementarv to the 
nuclebtide sequence (GGAAGTTCTGCGAGTTTTGCCT(361^^Ahe' TSWV- 

2 5 CPNH1 S RNA [see J. Geh. Virol, 71:001 (1990)]. Several clones were 

identified and analyzed on agarose gels to determine the Insert sizes. 
The -etenes- pTSWVS-23 Was found to contain the largest cDNA Insert, 
about 1.7 kb in length. 

The full-length NP gene was obtained by the use of polymerase 

3 0 chain reaction (PGR). First-strand cDNA synthesis Was carried out at 

37*0 tor 30 mih. in a 20 \l\ reaction mixture using oligomer primer 
JLS90-46 (5'-> 3') AGCTAACCATGGTTAAGCTCACTAAGGAAAGq^ajso 
used to synthesize the nUcleocapsid gene of TSWV-IOW) which is 
complementary to the S RNA In the 5' terminus of TSWV NP gene 
3 5 (nucleotide positions 2751 to 2773 of the TSWV-CPNH1). The reaction 



mixture contained 1.5 ng of viral RNAs.l |ig of the oligomer primer, 0.2 
mM of Bach dNtP, 1X PGH buffer (the GeneAmp kit, Perkln-Elmer-Cetus). 
20U of FlNAs in RIbohUoleiise Inhibitor (Prohiega), 2.5 mf^ of MgCl2. and 
25U of AK4V reverse trariSWIptase (Promegai Cdrpbration). The reaction 
5 Was terrtilhated by h#atihg it SS'C for 5 mih. arid cooled on ipe. Then 10 
jil df the cDNA/ftNA hybrid Was used to J'CR-ampHfy the NP gene 
accdrdlng tb ftiahUfactur^r's Instructions (Perkin-Eliiier-Cetus) using 1 
Jig fiadh of oligomer 0rirt1#rs JLS90-46 an^ JLS90-4^ (5'->3'), 
AGOAttCGATGGTTAAcAGACTAAGCAAGC/R^cSo usee? to synthesize the 
10 nucleotide gene of tSWVrlOW), the latter oligomer, being Identical to 
the S RNA In the 3' hortcoding region of the gene (nucleotide positions 
1919 to 1938 6f the TSWV-CPNHl). A typical PGR cycle was 1 min. at 
92*0 (denaturing), 1 mIn. at 50''G (annealing), and 2 min. at 72*'C 
(poiymbrlzing). The feariiple was directly loaded and separated on a 1.2% 

1 5 agarose gel. the separated NP gene fragment was Extracted from the 
CO agarose gel, ethanol-pradpltated and dissolved In 20 ]i\ of distilled 

H2O. 

EXAMPLE IV 

Cdtistructioh of platit expressioti and transformation vectors. 

20 the gei-lsolated NP gene fragment from Example III was digested 

with the restriction enzyma Ncol In 50 nl of a reaction buffer [50 mf^ 
Tris-HCl (pH 8.0), 10 mf^ MgCl2, 0.1 M NaCi] at ST'C for 3 hours, and 
directly cloned Into A/co /-digested plant expression vector pB1525. The 
resulting plasmlds Were Identified and designated as pB1525-NP+ In 

2 5 the sense orientation relative to the cauliflower mosaic virus (CaMV) 
35S promoter, and as pB1525-NP-|n the reverse orientation. The 
ability of this expression cassette to produce the NP was determined by 
trahSiaht expression of the NP gene In Nicotiana tobacum protoplasts, 
as described by Pang et al [see Gene 112:229 (1992)1. The expression 

. 3 0 cassette cohtalhin^ the NP gene was then excised from pB1525-NP+ by 
a partial digestion With H/ndili/EcoRI (since the NP gene contains 
internal Hihd\\\ and EcpRI sites), and ligated Into the plant . 
transforrriation Vector pBlNig (Clontech Laboratories, Inc.) that had 
been cut with the same anlymes. The resulting vector, pBIN19-NP+ and 

3 5 the control plasrhid pBINl9 were transferred to A. tumefaciens strain 
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LBA4404, using the procedure described by Holsters et al [see Mol. Gen. 
Geriet. 163:181 (1978)]. 

Nucleotide sdqUdftce analyses of the inserts In clones pTSWV-23 
and f»b1525-NP+wefe determined using the didebjcyribonucleotlde 
fnethad, T7 pblymefase (U.a BlocheriiicalSi SequeftdsetM). and the 
doubld-straHded sequertclftg procedure described by Siemieniak et al 
[see Ahalyt. Bibchehl. 192:441 (1991)1. Nucleotide sequences were 
determined from both DNA strands and this Information Was compared 
With the published gequeiices of TSWV Isolates CPNH1 using computer 
programs available from the Genetics Computer GVoup (GCG, Madison, 
WI). 

Transient expression of the MP gene in tobacco protoplasts were 
also prepared. Plasmid DNAs for clones pTSWVS-23 and pUC18cpphas 
TSWV-NP (cbrttalnlhg the PCR-engineered NP gene insert) were Isolated 
using the large scale alkaline method. The PCR-ehgineered NP gene 
insert was excised frdm clone pBIS25-NP+ by Ncol digestion to take 
advantage of the available flanking oligomer primers for sequencing. 
The expression cassette pUCIScpphas Is similar to pUC18cpexp except 
that It utilizes the poly(A) addition signal derived from the Phaseolus 
) vulgdris seed storage gene phaseolin. These plasmid DNAs were 
subjected to two CsCI-ethldlum bromide gradient bandings, using a 
Beckman Ti 70.1 fixed angle rotor. DNA sequences were obtained using 
dideoxyribonucleotides and the double-stranded plasmid DNA sequencing 
procedure described above. Nucleotide sequence reactions were 
5 electrophoresed on one-hieter long thermostated (55*'C) sequencing gels 
and nucleotide sequence readings averaging about 750 bp Were obtained. 
Nucleotide sequences were determined from both DNA strands of both 
cloned inserts to ensure accuracy. Nucleotide sequence information 
from the TSWV-BL S RNA isolate was compared as discussed below. 
0 with TSWV isolates CPNH1 and L3 using computer programs (GCG, 
l^adison, WI). 

The huclebtlde and deduced amino acid sequences of cloned cDNA 
arid PCR-englneered Insert of TSWV-BL S RNA and their comparison 
with the nucleotide sequence of TSWV-CPHN1 S RNA are shown below. 
5 The nucleotide sequence of the TSWV-BL S RNA clones pTSWVS-23 
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(TSWV-23) and pBI525-NP+ (TSWV-PCR) were obtained using the 
dbubld-stranded dldddkyhucleotidd sequencing procedure of Siemienial<, 
arid their sequenced &t& Cdrripared with the relcivaht regions of the 
huclebtide sequence 6f thd tsWV-CPNHi S RNA t-^poried in GeneBanl< 
Acbe^^ion No. 06664^. th§ hUciebttde S&qubhce 6rt3WV-CPNHl S RNA 
hag bd^n rq^6H|d by H^iih (1^90) and is f§pr6§6hted by the following 
sdqUfehc^' '^^'^'^■^ 

QCAACAACAG AACTGIAAftT TCTCTTQCJ^ TGAAATCTCT , 50 
QCAGAAaACA ACMX3m3QC TSAerCTCAA QCTTOCRCDG 100 
CAAQCTGAQC CTCTQGC™ GQGTIXX^^'gGITITGAAG 150 

TTCAGAAArr GrrcAAGGrr gcaggagatg aaacaaacaa. 200 

AACftriTIM'''i™x:iMTG CCTQCMTCC AAACCAIAAC AGTGTTS^GA 250 
CAGCTTTAAA. CMTACTGrr MTTGCAAGC ATCAGCICCC AAITCGCMA 300 

tgcaaAgctc crmiGAArr Atcaatgatg rrrrcTGATT maggagcx: 350 

TTACAACATT GITCATCIADC CTTCAIAaX O^GGATCG GTTOCAATGC 400 

TCTGGCTCGA AACICACAlSA TCTITGGACA AGITCITrGC AACE^ACTTG 450 

CAAGAAGATG 13^A3X»TCnKtoCTnX3^^ AAOCTTGAGC TMCTCCTGG 500 

AAAGI*EAGAT TEAGCTGAAA. OpXTTGAA TmCAGTGAA GATQOCIACA 550 

AAAGGAAAIA lITCCTrrCA. A7^^30TG AAIX3TCTTCC ATCIAACACA 600 

CAAACEATGT CTTACTEAGA CAQCATCCAA ATOCCITCAT QGAAGAIAGA 650 

CTTTGCCAGA QGAQ^AATm AAATTTCTCC ACAATC13\TT TCAGrTQCAA 700 

AATCtTTGTr AAAGCTTGAT TTAAGO^aGA TCAAAAAGAA AGAATCmAG 750 

GTTAAGGAAG OGTATQCrTC AGGATCAAAA TAATCITGCr TTGTCCAGCT 800 

TrrrCTAATT AaiCTTATGTT TAlTnLTi"j\CTTEACTEAT AATIAnTCT 850 

CTCTITGrCA TCTCTTTCAA ATTOCTCCTG mAGEAGAA ACCAIAAAAA 900 

CAAAAAAIAA AAATGAAAAT AAAATEAAAA TM^AAIAAAA TCAAAAAATG 1000 

AAATAAAAAC AACAAAAAAT TAAAAAACGA AAAROCAAAA AGAOXGAAA 1050 

GGGACCAATT TGGOCAAATT TGQbTiTiUi' m'il^iTi' TGnTnTGT 1100 

' i ' lTi ' lAlTlT TTATTTTArr ITJAlTi'lAT TITATmTA TiTimTiTi' 1150 

ATTrTATTTA TiTiTiUiTi' TObTiUiTiT TGriATITrA TIATrTATTA 1200 

AGCACAACAC ACAGAAAGCA AACTnAATT AAACACACTT^TEAAAAIX 1250 

.TftAaOCa2i.m:AAGC?^ AGCAAIAAAG AIAAAGAAAG C^TAIAIAX^ 1300 

TTAIAGQCTr TTTIATAATT TAACTTACAG CTGCTTTCAA GCA^TTCTG 1350 

CGAGliTTQC CTGCTrmA ACXXXXS^ACA TTTCAIAGAA CTTGmAGA 1400 

GTTTCACTGr AATGTTCCAT AQCAACACTC CCITTAQCAT TAGGAIT5QCT 1450 
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M3\GCAQ(3ff ACTCTITOCC CTTCTrCACC TCATCTTCAT 1500 

TGcnrroGrr ttcaqcacag tqcaaactit tocd^aqgct 1550 

CA330Tdrr ^rOGGTOGKrC OOGAGGTOCr TCTATITTQC 1600 

mOOd^AtA C^ACACTGAT CKTCTCAAAG CTtoACTG 1650 

AGGTAAGCm GXirOGCRQCA rmTGQCAAG TCTCAOOC 1700 

iTTGeAiCATNa^ 1750 

j^MX^i?!^^ ^AI^GEKT iGRSYITCrC AGRATTOCXT^ GITrCTTCAA 1800 

d^AGCCteAC CXl^tAAG CTRTCAAGCC TTCTGAAGGT GATGTCAGTC 1850 

oacoAMxx ixsTC^^ G^s^Anrmc c3^aaagi3\aa 190o 

AiCGCrTTCC TE^AlS^MjCT iXAn3^TGCT CTGACGRTTC TTEAGGAAIXB 1950 
ICAGACAIGA AAIA?m:TC^:Mrc^^ TCTGGrOGAT GITITCCAGA 2000 
GAAAAAGTCT TG?AGnxm T^CCm^ TTCTGATCTT OCTGAAACTC 2050 

AAGGTcrrre ccrrGTGTCA ac^^qcaac AATscmcC-m^Ajmecxr 2100 

.1MX;TEAGA CATCATGftTC GEAAA^iSTTG TEATAGCTTT GACCXSTATGT 2150 
AACICAAGGT QOGAAAGTGC AA.CTCIX^ COCGCAGTCG TTTCITAGGr 2200 
TCTTAA-TCTC jm3A3TiX?IA toCTCSAGTG\rE\ACX3mTG AACACAAAAT 2250 

TGACAOGAIT GCTCT 2265 

The Incomplete deduced amino acid sequence of the nonstructural 
protein gene on TSW\/-CPNH1 S RNA Is provided below beginning with 
nucleic acid at position \ and ending with the nucleic acid codon ending 
at position 783^ 

Gin Val GliKSer Asn ^ m Ihr Val Asn Ser I^u Ala Val Lys 

5 10 15 

Ser Leu Leu Mdt Ser Ala Glu Asn Asn He Ifet Pro Asn Ser Gin 

10 25 30 

Ala Ser Thr Asp ^r His Phe Lys Leu Ser l£u Trp I^u Arg Val 

.40 45 
Pro Lys Val Leu Lys \ln Val Ser He Gin Lys I^u Phe Lys Val 

50 \\ 55 60 

Ala Gly Asp Glu Thr fiikLys Har Phe Tyr Leu Ser He Ala Cys 

65 AT 70 75 

He Pro Asn His Asn Ser Va^ Glu Thr Ala I^u LSD He Hir Val 

80 \ ' 85 90 

He Cvs Lys His Gin Leu Pro He Arg Lys Cys Lys Ala Pro Phe 

95 \ 100 .^105 

Glu Leu Ser tfet bfet Phe Ser AspNLeu Lys Glu Pro Tyr Asn^Ile 
110 \ 115 120 

Val His Asp Pro Ser Tyr Pro Lys Gl\ Ser Val Pro Met l£u Trp 
125 V30 135 



Leu Gla Thr His Uir Ser Leu His Lys Phe Phe Ala Thr Asn Leu 
V 140 145 150 

Gin Glu ABp Val He lie lyr Thr Leu Asn Asn Leu Glu Leu Thr 
^N. 155 160 165 

Pro Gly LyVvLsu Asp Leii Gly Glu Arg Thr Leu £SD Ito SfiT Glu 

Asp Ala Tyr 1^ Arg Asp Tyr Phe Leu Ser lys Thr Levi Glu Cys 
\Vi85 190 195 

Leu Pro Ser Asiv^^ Gin Tlir bfet Ser Tyr Leu Asp Ser lie Gin 

2QD 205 210 

116 Pro Ser Trp lylkTle Asp Phe Ala Arg Gly Glu He Lys He 

215^ 220 . 225 

Ser Pro Gin Ser He ^r Val Ala Lys Ser Leu Lfeu Lys Leu Asp 

230 \\ 235 240 

Leu Ser Gly He Lys Lysl Lys Glu Ser Lys Val Lys Glu Ala Tyr 

245 \ 250 255 

Ala Ser Gly Ser Lys \ 

260 \ 

The nucleotide sequence for TSWV-23 depicted below compares 
closely with the TWSV sequence given above, and contains one-half of, 
the nonstructural gene and one half of the nucleocapsid protein gene. 

AAATTCTCTT GCAGrTGAAAT CTCTCCTCAT GTIAGCAGAA AACAACATCA 50 

TQCcmACTC TCAAGcrrrr GrcAAAGcrr ctactgattc taatttcaag lOO 

CTGAQCCrCT GGCTAAGGGT TCCAAAQGTr TTGRAGCftGA TTTCCATTCA 150 

GAAASTGTTC AAQGrTGCAG GAGATGAAAC AAATAAAWIA ITi'lATITAr 200 

CTATTGCCTG CATKXAAAC CAIAACAGTG TTCAGACAGC TTTAAACATr 250 

ACrGTTArrr GCAAGCATC3^ QCTCCCAAIT CGTAAATGIA AAACTOCTIT 300 

TGAATTATCA ATSmSTTTT CrSOTIAAA GGAGCCTEAC AACATTATrC 350 

ATGMXX:Trc ATATCCCCAA AGGATTGrTC MGCTCTQCT TGAAACTCAC 400 

ACATLTiTiG CACAAGrTCT TTGCAACAAC TTGCAAGAAG ATGTGATCAT 450 

CTACACCITG AACAAOCATG AGCTAACTCC TGGAAAGTIA GATriAGGTG 500 

AAATAACTTT GAATEACAAr GAA(3VCQCXn' ACAAAAGGAA ATAirTCCIT 550 

TX^AAAACAC TTGAATGrCT TCX:ATCTAAC ATACAAACEA TGrCTTATTT 600 

AGAC3^GCATC CAAATOXTr CXnX3GAAGAT AGACTTTGCC AGGGGAGAAA 650 

TiW^AAirrc TCn\CAATCT AE^ 700 
GA3*rmAQCG GGAa*EAAAAA GAAAGAATCT AAGATIAAGG AAGCAIATQC^ 750 

TTCAQGATCA AAATGATCTr GCTGTGTCCA GCTTTTTCTA ATTATGTTAT 800 

GTi'imTi'ic TrrcriTACT tataattatt TrrcTGrrrG TCAirrcrrr 850 

CAAAITCCrC CTGTCTAGIA GAAACCAIAA AAACAAAAAT AAAAATAAAA 900 




TAAAAICAAA AIAAAAIAAA AATCAAAAAA TCS^AATAAAA GCAACAAAAA 950 
AAfTftAAAAA CAAAAAACCA AAAAAGATCC OSAAAGGACA ATTITQGCCA 1000 
AAli*iX3QQGT rrbTilTiXaT TiTITGTTTT ITiUiTiTiT GTTTTTATTT 1050 
TlM'ri'i'lAr TTrTA3Tn?r MTi'lMTlT ATITEMDGIT Ti'ibTibTiT 1100 
mTlAl ' lTl' (jTiMTJlA TT AAGCACAACA C3m3AAAGCA A?OiTI3^ 1150 
TS^AAGRCACr TATmARM? ll!AAC^CACT AAGCRAGC30V AACAAIAAA. 1200 
GAlAAtoAA GGiriJVlATA. TTTAIAQGCT TlTTIRIAAT TTAACTEACA 1250 
GCTQCtTTEA 7\GCAAGTTCr GrGAGmTG CCrGTTTTIT AAOOOCAAAC 1300 
AmtAiEAGA ACrrGtEAAG QGTrrOOG TAATCTTOCA TAQGAATACT 1350 
TOCttAGCA TI3\GGA3TQC TQGAQCmAG TRIAGa^QCA'T?VCnXnTrOC 1400 

annx^rrcAC ctgatcitca TrcArrrcAA ATGcmTCT tttcaqcaca 1450 

GTGC3AACIT TTOCTAAGGC TTCOCTGGTG TCAIACTTCT TiXSGGTCGAT 1500 
COOGAGATCX: TTGEATiTila CATOCTGATA TAIAQCCAAG ACAACACTGA 1550 
TCATCrCAAA GCTATGAACT GAAQCAAIAA GAGGTAAGCT T^CCTCOCAQC 1600 
AmTGGCAA GCCrCACAGA CTITQCATCA TCAAGAGGEA ATCCAIAGQC 1650 
TTGAATCAAA GGGTGQGAAG CAMCmGA TTTGAIAGrA TTGAGAITCr 1700 
CAGAATTOC 1709 

The nucleic acid sequence for TSWV-PCR according to the present 
Invention as depicted below also compares closely with the TSWV^^gq ^-^ ^ 
sequence giyeh above dhd covers the whole nucleocapsid protein gen^. 
TTAACACACT AAQCAAGCAC AAACAATAAA GATAAAGAAA GLTi'IATATA 50 
TfEATAGQCT TmTAIAAT. TIAACTEAaV GCTGCTTTIA AGCAAGTICr 100 
GTGA b ' i ' iTiG cCTbTi'iTiT AACXXCAAAC ATTTCATAGA ACTTGITAAG 150 
GGTTTCACrG TAATGTTCCA lAGCAAIACT TOCTTTAQCA TEAGGAITQC 200 
5 TQGAGCEAAG TAIAGCAGCA TACTCTTTCC CCTTCTrCAC CTGATCITCA 250 
TTCATTTCAA ATQCTTrrCT TTTCAGCACA GTQCAAACTT TTOCTAAGGC 300 
TTCCCrGGTG TCATACTTCr TTGGGTOGAT COOGAGATCC TrGTATTrTG 350 
CATCCTGATA TATAGOCAAG ACAACACTGA TCATCTCAAA GCmTCAACT 400 
GAAGCAAIAA GAQGTAAGCT ACCTCCCAGC ATEATGGCAA GCCTCACAGA 450 
0 CTTTGCATCA TCAAGAGGTA ATCCAIAGGC TTGACTCAAA aSGTGGGAAG 500 
CAATCTEAGA TTTGATAGTA TTGAGATrCT G«3\AIT0CC AGrTTCCTCA 550 
ACAAGCCTGA CCCTGATCAA QCTATCAAGC CTTCTGAAGG TCATGTCAGT 600 
GQCTOCAATC CrGTCTGAAG TnTCTITAT GGIAAITnA CCAAAAGTAA" 650 
AATCGCrrTG CTEAATAAOC TTCAITATGC TCTGACGATT CTTCAGGAAT 700 
5 GTCAGACATG AAATAATGCI CATCmTTG ATCTQGTCAA GGTriTOCAG 750 
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ACAAAAAGTC TTGAAGTrGA ATGCIAOCAG AirCIGAICT TCCTCAAACT 800 
CAAGGTCnr QCCnCTGTC AACAAAGCAA CAATQCTTTC CTTAGTGAGC 850 

tiraocm: 858 

Together the bidtied tSWV-23 Insert overlaps the TSWV-PCR 
5 Insert,' and toddthdf thdy rdpf^seht the 2028 nucleotides of the TSWV- 
BL S f^NA acbtirdihg to thd preSdht invention. This 2028 nucleotide 
sequence acebrdiiig io th§ (jresdht invention contains a part of the 
nonstructural gene 6nd whole nucleocapsid protein gene. The combined 
sequence is: 

1 0 AAATTCTCTT GCAGTGAAAT CTCnXSCTCAT GTimiAQ^'AACAACATCA. 50 
TQCGlftACTC TGAAQGTTrr GTCAAAGCTT CTACTGATTC TAATTTCAAG 100 
□ CTGAQCCTCT GQClMQGGT TOCAAAQGIT TTGAAGCAGA TTTCCATTCA 150 

^ GAAATTGrrC AAGGTTGCftG GAGATCAAAC AAAIAAAACA TITrATTTAT 200 

rO CT^rroocTG cattccaaac cataacs^stg ttgasogc tttaaacatt 250 

1 5 ACTGTIMTr GCAAQC2m3V GC3X3XAAIT CGrAAATGTA AAACTCCITr 300 
j.g TGAATTATCA ATiSATGTrTT CTGATITAAA GGAGCXTEAC AACATTATTC 350 
^ ■ ATGATCdTC AIATOCOCAA. AGGATTGITC AIGCTCTGCT TGAAACTCAC 400 
L ACATCmTG CAC2^AGITCT TTGCAACAAC TTGCAAGAAG ATGTGATCAT 450 
b CmCACCTTG AACAACCATG AGCTAACTCC TQGAAAGITA GATmGGTG 500 

2 0 AAATAACTTT .GAATIACAAT GAAGACGCCT ACAAAAGGAA AIAnTOCTT 550 
TCAAAAACAC TTGaATGTCT TOCAICTAAC ATACAAACTA TGTCITAnT 600 
AGACAGCATC CAAAaXXCTT CCTGGAAGAT AGACTTTQCC AQGGGAGAAA 650 

rrAAAArrrc tcx3\caatct atitcagttg cAAAATcrrr gteaaatctt 700 

GATTIAAGCXS GGATD^AAAA GAAAGAATCT AAGATTAAGG AAGGATATGC 750 

2 5 TTCAGGATCA AAATGATCIT GCTCTGTOCA GCimTCEA AITATGnM' 800 

GTiTArrrTC TrrcrriACT TAiAAiTArr TTrcTGrrrG TCATTrcTrr 850 

CAAATTCCTC CTGTCEAGTA GAAACXATAA AAACAAAAAT AAAAATAAAA 900 

TAAAATCAAA AIAAAAIAAA AATCAAAAAA TGAAAIAAAA GCAACAAAAA 950 

AATIAAAAAA CAAAAAAiXA AAAAAGAICC CGAAAGGACA ATITrQGOCA 1000 

3 0 AATTTGGGGT mTiTi'lGT TiTi'ilaTiTi' TTrGITITIT GiTiTIAlTi' 1050 

TTATrrrrAT iriTATTrrr atitimtit aiti'iatgit TTTGTrGnr iioo 

TlGnATTTT Wi'lMTlMT AAGCACAACA CACAGAAAGC AAACTTTAAT 1150 
TAAACACACT TATTD^AAAT TEAACACACT AAGCAAGCAC AAACAATAAA ' 1200 
GAIAAAGAAA GCTTTAIATA TITATAGGCT TTTITATAAT nAACTTACA 1250 
3 5 GCTGCmTA AGCAAGTTCT GTGAGinTG CCTGnrnT AACCOCAAAC 1300 
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MTrCAmGA MTlX?rTRAG GGTTTCACTG TAATGTBXA TAGCAAIACT 1350 
TCCTTEAGCA tl3^GGM?rGC TQGAQCTAAG TAIAQCAQCA TPCICmCC 1400 

ocnrcrrcAC cliaAiuriCA ircMricAA mxscttttct tttcagcaca i45p 

GTCGAAACTT 1?TOCIAAQGG tKXXTQGTG TOVIRCrTCT TrGGGTOGA:: 1500 

5 CXXX3A(3ATOC TiXjlM^fiTG GRTOCrGKEA I3fflto3««3 toAC^ 1550 

Td^itirCAA^ GGi3dtSftACI? GAAGO^MSA GAGGTAAQCT AOCnxXCAQC 1600 

MIMGQCAA GOC^KSOGA Ci[*rQCATCA TCAAGRGGm AIXX3d!RQQC 1650 

ITGACTCAAA GQGTQQGAAG CAATCmGA TTTGAIAiSIA TTGAGATrCT 1700 

C2^GAftTTC0C AlSlTrOCrcA AGAAQCC3X3A OCCTGATCM QCTA3X3^AQC 1750 

1 0 CTTCTGAAQG TGMXJTGAGT GQCTOCAATC CTGTCTGAAG I'iTiUiTlM? 1800 

GGlAArmA OO^AAAGDVA 

TCTGACGATT CTTCAGGAAT GTCAGACATG AAAIRATQCT CKTCrnTIG 1900 
ATCTQGTCAA GGTTITCCAG ACRAAAAGTC TTGAAGITGA. ATGCmCCAG 1950 
ATTCTGATCT TOCTCAAACT GAAGGTCTTr GOCTTGTGTC AACAAAGC3A 2000 

15 O^ATQCTITC CTD^GTGAQC TT^^ 2028 

This comparison 6hoWed that cDNA Insert of clone pTSWVS-23 
Included about 760 bp of the 52 K protein viral component gene, the 
complete Intergenlc feglon (492 bp), and 450 bp of the NP gene (about 
half of the NP gene). This cloned Insert had Its 3'-end located exactly 

10 at &ri EcoRI recogrtltlon Site, which suggested Incomplete EcoRI 

methylation during the cbNA cloning procedure. Although this clone did 
not contain the complete tSWV-BL NP gene, Its sequence was of 
considerable Importance Since It had a 450 bp overlap with the 
sequence of the PGR-engineered NP gene (a total of 2028 bp of the 

2 5 TSWV-BL S RNA Is presented In the nucleotide, sequence for TSWV). The 

sequence comparison between this TSWV-BL PCR-engineered and TSWV- 
CPNH1 NP genes revealed a total of 21 nucleotide differences (2.7%), 
eight of which encode amino acid replacements (3.1%). Since this PGR 
engineered NP gene was obtained using Taq polymerase, which Is known 

3 0 to Incorporate mutations, It Is possible that some of these differences 

were Introduced durlrig PGR amplification. HowiBver, 15 of these 
nucleotide differences were located within the overlapping region 
between the TSWV-BL cDNA and PGR clones, and all but orie of these 
nucleotide differences (position 1702 of TSWV; position 485 of TSWV- 
3 5 PGR)) are shared by both TSWV-BL S RNA derived clones. This 
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cotnpaflson clearly showsd that the PGR amplification did not 
cohtflbute greatly, If at all, to the difference between the nucleotide 
Sequfirtces of these tWb clohed UP gehe regions. The nucleotide 
diftefihce at poSitldh 1702 resulted In the amino acid replacement of 
^ \\b with Ser, arid 6veh thl§ difference could be due to the lack of 
hbrfidyehelty within the tsWV-BL Isolate. 

EXAMPLE V 

A§tob6ct6tluin-mtd\iBLi66 transformation: , 
Leaf discs of Nicoti&m tabdcum var Havana o/ 423 were 

1 0 Inoculated with the A0robHcterium strain LBA4404 (ClonTech) 

cohtalnlhg the vector pBiNi9-NP+ or the control plasmid pBINiQ. by 
SoaklhQ overnight In a liquid culture of the Agobacterium, and the 
inoculated leaf discs were Incubated on non-selectlve MS medium for 3 
days, [see Science 227:1229 (1985)]. Transformed cells were selected 

1 5 and regenerated in MS medium containing 300 ng/ml kanamycin and 500 
jig/mi carbeniclllin fbr shoot regeneration. Roots were Induced after 
transfer of plantlets to hormone-free medium. Rooted transformants 
Were transferred to soil artd grown under greenhouse conditions. The MS 
medium contains full strength MS salt (Sigma), 30 g/l sucrose, 1 mg/l 

20 BA and 1 mi of B5 Vitamins fl mg/ml Nicotinic acid. 10 mg/ml Thiamine 
(HCI), 1 mg/ml Pyrldoxlrte (HCl), 100 mg/ml Myo-lnosltol]. Transgenic 
plants Were self-pollinated and seeds were selectively germinated on 
kanamycin medium. 

EXAMPLE VI 

2 5 Serological detection of proteins: 

Double antibody sandwich enzyme-linked immunosorbent assay 
(DAS-ELISA) was used to detect the expression of NP gene in transgenic 
plants with polyclonal antibodies against the TSWV-BL NP. Each sample 
was prepared by grinding a leaf disc (about 0.05 g) from the top second 

3 0 leaf of the plant in 3 ml of an enzyme conjugate buffer [phosphate- 

buffered saline, 0.05% Tween 20, 2% polyvinylpyrrolidone 40, and 0.2% 
ovalbumin]. For tobacco protoplasts, the cell extracts after . 
centrlfugation were directly used for the assay. A ten- and three-fold 
dilutions of the samples from both transgenic plants and tobacco 
3 5 protoplasts were made just before DAS-ELISA. 
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For Western blots, a leaf disc (about 0.05 g) Was ground in 0.25 
ml of 2X SDS/sampId buffer (0.126 M Tris buffer. 20% glycerol, 2% SDS. 
2% 2-mercaptoethandl, and 0.01 mg/ml brompfienol blue). The 
hottldgenates were edhttttuged and the supernatarits Were boiled before 
S loading. Pfotdtns (id-20 ^1 ^am|)le/lane) Were s6p^rated and blotted 
onto a meitlbrahe. thd m6ftibrah§ Was theh processed folibWing the 
hiahufacturer's Immuhda^tdct kit instructloh manual (Gibco BRL Life 
technologies Inc.). Antibbdias to the whole virion Were praabsorbed 
With cell extracts frdm haalth tobacco plants [See Plant Disease '70:501 
10 (I986)ji and were Used Ih Western blot at a coneentration of 2 ^g/ml. 

Serological reactiona of TSWV Isolates (TSWV-BL, Arl^ansas, 
10W pakchoy, Begohia or Brazil) Were assayed In DAS-ELISA using 
antibodies raised against TSWV-BL virion, or the NP of TSWV-BL or 
TSWV-I. 

15 EXAMPLE VII 

Ihocuiation of trahsgahic plants with TSWV isolates. 

Inocula were prepared by infecting Nicotiana benthamiana Domln. 
with different TSWV Isolates and grinding infected leaves (0.5 g) of N. 
benthamiana plants (1 to 2 weeks after inoculation) in 15 ml. of a 
2 0 butfef (0.033 KH2PO4* 0.067 1^ K2HPO4 and 0.01 M Na2S03). The 

Inoculum extracts Were immediately rubbed on corundum-dusted leaves 
of transgenic plants and the inoculated leaves were subsequently rinsed 

^ ^ with H2O. Because TSWV is highly unstable^;|«-vitFe after grinding, each 

batch of inoculum was used to first inoculate NP(+) plants containing 

2 5 the NP gene; the last inoculated plants of each inoculum were always 
control NP(-) plants containing the vector sequence alone to assure that 
a particular virus inoculum was still infective at the end of inoculation. 

Data on local lesions and systemic infections were taken 7-15 
days after Inoculation and expressed in the following table as the 

3 0 number of plants systemlcally infected over the number of plants 

inoculated, except wherfe Indicated. Ih this table, the data collected 

under "ELISA" Is the data of Rq lines from Which the Ri plants were^^^^j 

derived; the Begonia isolate Induced local lesions on the Ri pfants,-«ft-d- 

the resistance was expressed as the number of plants producing local 
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lesions over the nurhbef of plants inoculated; and NT Indicates that 
there Was no test. 

Reactlohs of H\ p\d!tii& expressing the nucleocapsid protein (NP) gene of 
tomattt 6p6tt&d Wilt VlfU§ (TSWV) to Ihoctilatloh with TSWV Isolates. 

Reactions to TSWV Isolates 





EUSA: 
(Rdpl.) 






low 
Pakchoy 




Brazil 
















NP(+)& 


0.015 


0/20 


. 4/25 


3/24 


29/40 


36/36 


NP(+)4 


0.386 


6/30 


21/23 


18/21 


' . 9/48 


42/42 


NP(+)9 


0.327 


0/20 


NT 


20/20 






NP(+)14 


0.040 


0/20 




9/20 


8/18 


18/18 


NP(+)21 


0.042 


0/15 


5/15 


3/15 


2/4 


6/6 


NP(+)22 


0.142 


0/20 




15/20 


31/36 


36/36 


NP(+)23 


0.317 


0/20 




16/20 






NP(-) 




42/42 


24/24 


62/62 


66/66 


54/54 



As described above, the Isolation of the TSWV-BL NP gene, which 

resides In the S RNA component of TSWV. was approached using two 

0 strategies. The cDNA cloning strategy yielded several clones containing 

cDNA Inserts derived from TSWV-BL S RNA, as Identified by 

hybridization against an oligomer probe complementary to the TSWV- 

CPNH1 S RNA. Clone ptSWVS-23 contained the longest Insert, which 

mapped at about 1."^ kb In length . The second strategy utilized the 

5 published sequence of TSWV-CPNHI S RNA and PGR to amplify and 

engineer the NP gene for expression directly from total TSWV-BL RNA. 

Oligomer primers JLS90-46 and -47 were synthesized, with JLS90-46 

being complementary to the S RNA in the 5'-coding region of the NP gene 

(positions 2051-2073 of the TSWV-CPNHI) while JLS90-47 being of 

0 the 3'-honcoding region of the NP gene (positions 1218 to 1237 of the 

TSWV-CPNHI) . Both of the primers contain the recognition site for the 

restriction enzyme A/col tor subsequent cloning, and the primer JLS90- 

46 has a plant consensus translation Initiation codon sequence 

(AAXXATGG). Which UpOh emplification was expected to fuse the 

5 translation Initiation codon to the third codon (GTT) of the NP gene . 

Fusion of the translation Initiation codon to the third codon of the 
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TSWV-BL NP gene was dohe to preserve the Nco\ Recognition site while 
not ihcbrporatirig ahy arrlihd acid codons. Thus, expresslori of the PCR- 
engln6efed TSWV NF> g6h& Would yield a TSWV-BL NP that was two 
amino aqlds (Ser-Ly6) shdrtef at the N-tertiilnus than the hatlve NP. 
5 This st)ecllic£itly-dnif)iifl6d DMA fragment, dt dbout 650 bp, was 

dig§§tdd with Ncoi fifid ddhed Into the plant expRd^sion vector >6i 525. 
Th§ oflentatidh of the TSWV-&L MP gene With respect to Ifle CaMv 35S 
prdthbter Wast deterttilned by restriction enzyme ^ite mapping (EcoRI. 
Hihdlll< Avdl end AiwNI). Several clones were isolated that contain the 

iO insert in the proper drieritatldn (pB1525-NP+) ar1d,dthers that ccntain 
the insert in the oppdSlte drientation (pB1525-NP-). This restrlctlcn 
enzyme site mapping data alsd shdwed that the inserts of cienes 
pB1525-NP+ contained restriction enzyme sites that were identical to 
those found in the TSWV-CPNH1 NP gene. The expression of TSWV-BL 

15 NP gene was thus controlled by a double CaMV 35S promoter fused to 
the 5'-untranslated leader sequence of alfalfa mosaic virus (ALMV) of 
the expression vector pB1525. Expression vectors that utilize the 
stacked double CaMV 35S promoter elements yield higher levels of 
mRNA transcrlptidn than similar vectors that utilize a single 35S 

20 premdter element. 

Three pB1525-NP+cldnes Were transiently expressed in tdbacco 
protoplasts to confirm that the amplified DNA fragment encoded the NP. 
To achieve this, the clones were transferred into tobacco protoplasts 
by the PEG method, and after two days of incubation the expressed NP 

2 5 was detected by DAS-ELISA using antibodies against the Whole TSWV- 

BL virion . High levels of NP were produced in tobacco protoplasts 
harboring the NP gene In plasmid pB1525-NP+; while no NP was 
detected In tobacco protoplasts transformed with the antisense NP 
sequence (pB1525-NP-). 

3 0 As described^prevlously. the PCR-engineered insert of clone 

pBl525-NP+ dndieh' cDNA Insert of the done pTSWV-23 Were subjected 
to double stranded sequehcihg. The sequence analysis of the cDNA and 
the PGR clones revealed inserts of 1.71 kb and 865 bp. respectively 
which, when compared with the sequence TSWV-CPNH1 S RNA, shows 
3 5 that cDNA insert of clone pTSWV-23 Includes about 760 bp of the 52 K 



prdteih viral component gene, the complete Intergehic region (492 bp), 
and 450 bp of the UP gdhe (dbbut one-half of the gene). This cloned 
insert has its 3'-dnd Ibcatdd exactly at an HcoRI recognition site 
suggesting incomr^tdte ^cdf{\ methyl^tioh during th§ cDNA cloning 
l^rdeddure. Although thl§ tildhe does not contdih the comi)lete TSWV-BL 
UP genet its sequerlbe \k ot considerable Iriiportahce since it has a 450 
bp overlap with the sequehce of the PCR-ehgineered NP gerie. The 
sequence comparlsoh between this TSWV-BL PCR-englneered and,TSWV- 
CF*NHi NP genes reveals & total of 21 nucieotide differences (2.7%), 
eight of which encode dntiho acid replacements (3'.1%). Since this PCR- 
ehgineered NP gene Was obtained using Taq polymerase, which is Itnown 
to incbrporate mutations, it is possible that some of these differences 
were introduced during PGR amplification. However, 15 of these 
nucieotide differences are located within the overlapping region 
between the TSWV-BL cDNA and PGR clones, and all but one of these 
differences (position 1702) are present in both TSWV-BL S RNA derived 
clones. This compafisori clearly shows that the PGR amplification did 
not cbntribute greatly, if at all. to the difference between the 
nucleotide sequences of these twb NP gehes. The nucleotide difference 
at position 1702 results in the amino acid replacement of lie with Ser, 
and even this difference could be due to the lack of homogeneity within 
the tSWV-BL isolate. 

The possibility that the nucleotide differences can be attributed 

to divergence among the TSWV isolates is also supported by 

comparis^s^with^ther sequenced regions among TSWV-CPNH1, TSWV- 

L3, and T3WV" B i S RNAs. These comparisons are tabulated below: 

Percent nucleotide and dminb acid sequence differences for the comparison of TSWV S 
RNA component from isolates CPNH1, L3 and BL^ 

52 K Protein Gene jntergenic KiPGene 

Comparison Nucleotide Amino Add Nucleotide Nucleotide Amino Acid 

CPNH1/L3 68/1396'»(4.9)C 49/464(10.6) 46/511(9.0) 24/777(3.t)- 4/258(1.6) 

CPNH1/BL 21/758(4.1) 23/251(9.2) 26/496(5.2) 19/765(2.5) 8/255(3.1) 

L3/BL 38/765(5.0) 20/254(7.9) 38/498(7.6) 19/767(2.5) 4/255(1.6) 
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A Comparisons are iriadd using, the Sequence Information available from ttie 
barticUIar bomponeht region bf tSwV-BL The comparison for the TSWV-BL NP 
gene Irtbiudes the cortiblH&d §6qu§fid6 InfohhaUon from the cDNA clone, pTSWVS-23 
arid PCfi-enginder§d itt^dtt. 

b CoriipilHsoH numbdf-i &t% tdtal dlffdfdnceS (hUdebtldeS or amino acids) 
divided by total nunib^f 6f pdlitidhi (nubtgotldes 6^ imihb acids) compared, For 
botii hiiclddtidd and arnlhd fictd eaibUtatioh dap^. rag^dle^S 6t l^ngtti. were counted as 
ofta hti^rfiatch. 

c Nuhfibera in paranthaaaa are fjarcehtages. 

The nucleotide Sequsrtbe of the UP genes from the CPNHi and L3 
isolated differ from eeich ether by 3.1% and from the BL Isolate by ' 
nearly a similar degree (2.5%). Howaver, the NP amino acid sequences 
betwaen CPNH1 and BL Isolates differ by a considerably larger amount 
than they differ between tha L3 and BL or Cf'NHI and L3 Isolates. The 
results tabulated above also reveal that the NP gene region of these 
TSWV Isolates Is subject to a higher degree of selective pressure than 
the 52 K protein as the differences among the amino acid sequences of 
the 52 K protein range between 7.9 to 10.6%, more than twice that 
found for the amino acid Sequence of the NPs. Nucleotide sequence 
divergence Is highest among the Intergenic regions. Indicating that this 
region is subject to less feelective pressure than either genetic region. 

The presence of NP gene sequences In transgenic plants was first 
confirmed by PGR analysis. A NP DNA fragment of about 800 bp was 
specifically amplified froth tha total DNAs of transgenic NP(+) plants 
using the primers homologous to sequences flanking the NP gene, 
whareas no corresponding fragment was detected In control NP(-) 
plants. Expression of the NP gene Was assayed In each Ro transgenic 
plant by DAS-ELISAi find the results are presented in the following 
table: 
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Reactions of RO transgenic ^\An[s expressing the nucleocapsid protein (NP) gene of 
tomato spotted wilt vlru§ (TSWV) to Inoculation witfi TSWV-BL isolate 





plant age Ro clone 


BJSAa 


Leslons/leafb 


NP(+):NP(-)° 


5 


7-8 leaves: 

NP(+)1 


0.374 


7 (199) 


1 :28 




NP(+)2 


d.ois 


0 (199) 


0:199 




NP(+)3 


0.407 


23 (102) 


1:4 




NP(+)4 


0.386 


2 (102) 


1:51 




NP(+)5 


0.023 


0 (124) 


0:124 




NP(+)6 


0.197 


35 (325) , 


1:9 




fvlP(+)7 


0.124 


1 (325) 


1:325 




9-10 leaves: 

NP/ j-^fl 

IN 1 ^ "T ^ O 


n "^Ad 

w . O HH 




I.I 




NP( + )9 


0.327 


2 (20) 


1:10 


15 


NP(+)10 


0.406 


34 (33) 


1:1 




NP(+)11 


0.156 


5 (20) 


1:4 




NP(+)12 


0.133 


9 (57) 


1:6 




NP( + )13 


0.144 


2 (7) 


1:4 




NP(+)14 


0.040 


0 (19) 


0:19 


20 


NP(+)16 


0.053 


0 (10) 


0:10 




5-6 leaves: 






^ . 1 




NP(+)21 


0.042 


0 (117) 


0:117 




NP(+)22 


0.142 


0 (208) 


0:208 


25 


NP(+)23 


0.317 


223 (208) 


1:1 




NP( + )24 


0.051 


0 (35) 


0:35 




NP(+)25 


0.286 


13 (35) 


1:3 




NP( + )26 


0.037 


0 (22) 


0:22 




NP( + )27 


0.425 


305 (22) 


14:1 



3 0 ^production of the NP Ih transgenic plants was assayed by double antit)ody 

sandwich enzyme-^njcedlmmunosorbent assay (DAS-ELISA); concentration of 
antibodies against^AfG^f-rar boating: 1 jig/ml; dilution of conjugate to the NP of 
TSWV-BL: 1:250; results takeri 150 min. after adding substrate; readings at 405 
hm. 

3 5 ^local lesions that developed oh Inoculated leaves were counted 7 days after 
Inoculation. Data represent the average of three Inoculated leaves. Data In 
parehtheses are the number of lesions produced from control NP(-) plants 
Inoculated with the same Inoculum. 

^the ratio of local lesions that developed on NP{+) plants transformed with pBiN19- 
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UP* versus local lesions thdt developed on the control NP(-) plant when Inoculated 
With the sam§ Inoculum. 

Of the 23 NP(-i-) clones, 10 produced high levels of NP. 5 
accumulated intermediate levels of NP. ahd the retii^hing 8 produced 
5 low levels of NP; Th0 $126 of the NP expre^ed Ih trdnsgenic plants was 
analysed usih^ Western blot. Many polypet^tides ffptti tobacco extracts 
were reective to the antibodies ageinst the whole -A^feft^even though the 
antibodies were pre-abserbed with extracts from healthy tobacco 
plants. Of those^ only 6he band was unique to the pattern of 
1 0 polypeptides frbm tobacco plants transformed With' tile NP gene. This 
polypeptide wae estitifiated to be around 29 kDa, which is hear the 
expebted size ef the native NP. No antibody reactive-protein band of 
P similar size was found in extracts from transgenic plants containing 

'-D the vector pBIN19. 

fy 1 5 Inoculation of tobacco leaves with TSWV-BL isolate could result 

in either systerriic infection or necrotic local lesions, depending upon 
Weather conditions and physiological stages of plants. When Rq plants 

W were tested With TSWV-BL for viral resistance, TSWV-BL Induced 

typical necrotic leslbhs brt the inoculated leaves of control NP(-) plants 
20 6-8 days after inoculation. However, transgenic NP(4-) plants showed a 
Spectrum of reslstartbe to the virus when compared to control NP(-) 
plants. Eleven of the 23 NP(4-) plants did not develop any local lesion or 
the number of lesions that developed was at least 20-fold less than 
that on the corresponding inoculated NP(-) plants. Three NP(+) plants 

2 5 had intermediate reections (5- to 19-fold less lesions than controls) 
while the remaining 9 plehts had low or no resistance. None of the 

JnotjiJlate^d f^P(+) or NP(-) plants showed systemic infection. 
oymptom^^ Ro plants were monitored until the end of their life cycle, 
and no symptom was bbserved throughout their life cycles. The 

3 0 inoculated leaves of the Symptomless NP(+) plants Were checl^ed for the 
presence bf the virus on the leaves of C, quinoa plants. No virus was 
recovered from TSWV-BL-challeigedJ^Baves of highly resistant NP(+) 
plants, suggesting that the virus -eekl not replicate or spread tn these 
NP(+) plants. 
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Leaf discs from selected Rq plants were subcloned, and the 
regenefated pl&ntlet6 were challenged by the virus. All subcloned Rq 
plants displayed levels of reslstahce similar to their corresponding 
bflglhfil Ro piatits. 

5 Since tSWy is widespread and many biologically distant strains 

exist* the effectlv6ri§ss of the transgenic plants to resist Infections by 
different TSWV Isolated were also tested. Five TSWV Isolates Were 
choseh In this Study to challenge R1 plants germinated on kanamycln- 
cbntdlhirtg tttediUm: TSWV-BL, Arkansas, 10W pakchoy. Begonia and 

1 0 Brazil. The first three Isolates were reactive to the antibodies against 
the Whole virion and the NIP of TSWV-BL (the common TSWV "L" 
serogroup) (see figure 5). Begonia Isolate reacted strongly to the 
antibodies against the NP of TSWV-I (the "I" serogroup) but not to those 
raised against the TSWV-BL NP. and therefore belonged to the "I" 

1 5 serogroup. No detectable reaction of Brazil Isolate was found to the 
antibodies agaihst either the NP of the TSWV-BL or the TSWV-I 
serogrou^,^nd It Was weakly reactive to the antibodies against the 
Whole -vlfon of TSWV-BL. Moreover, this Isolate caused systemic 
mottle and crinkle on the leaves of infected tobacco and A/, benthamiana. 

20 but did not Infect squash or cucumbers Indicating that it is a distinct 
Isolete from the cucurbit isolate. These results indicate that this 
Isolate may be considered to be a third serogroup. 

Seedlings derived from seven Rq lines were germinated on 
kanamycin medium and inoculated with the above TSWV isolates. 

25 Infectivlty data were recorded daily starting seven days after 

Inoculation. Plants Inoculated with TSWV-BL. Arkansas. iOW pakchoy 
or Brazil isolates were rated susceptible if virus symptoms were 
observed on unlnocUlated leaves. Plants inoculated with the Begonia 
Isolate were rated susceptible If local lesions were observed on 

3 0 inoculated leaves, since this Isolate does not cause systemic infection 
In tobacco. All Inoculated control NP(-) "Ri plants Were susceptible to 
Infection by these five Isolates. They were systemlcally Infeoted 12 
days after Inoculation except that transgenic Ri plants Inoculated with 
Begonia produced only local lesions on the inoculated leaves. However. 

3 5 almost all NP{4-) Ri plants were highly resistant to the homologous 
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Isolate TSWV-BL, while much lower percentages of NP(+) Ri plants 
weri9 resistant to heteroidgdus isolates Arkansas, 10W pakchoy and 
Begonia. On the other h£ind, all NP(-t-) Ri plants from the seven 
trahsgdnic lines mtd $uSd60tibl6 to the Brazil IsdldtOi even though a 
slight delay (1 to 2 day§) Ih symptom expression Was observed in some 
of the high NP-expi^eS§ihg MP(+) fti plants from lihe NP(4)4. 

Resistant Ri plahti i^amaihed symptomle^,^ thrm^out their life 



cycles. The inoculateid Idaves of seventeen gymptom lobo - NP(-f) plants 
wera checkad for tha praSahce of the virus by back inocuiatioh on 

1 0 leaves of Chehopodluiri qiiinoa plants. No virus \^/as recovared from the 

inoculated leaves of syhiptdmiess NP(+) plants, suggesting that the 
viru§ could hot replicate br spi'ead in these NP(+} plants. 
^1 The relationship between the level of NP accumulation in 

,i transgenic plants and the degree of resistance to heterologous TSWV 

15 isolates was also studied. Analysis of the data described above 

suggested that Ri planta derived from Rq lines with low levels of NP 
offered the best resistance to the heterologous isolates of the "L" 
serogrdup (Arkansas and lOW pakchoy) while Ri from a Rq line with 
high level of NP were resistant to the Begonia isolate, which belongs to 
20 the "I** serogroup. For example, an average 76% of Inoculated Ri plants 
from low NP expressing lines NP(-f) 2, 14, and 21 were resistant to 
infections by the Arkansas and 10W pakchoy isolates. While resistance 
to the^e isdiates was obSeived in only 11% of similarly Inoculated 
plants from high NP expressing lines NP(+)4, 9, and 23. On the other 

2 5 hand, the Begonia Isolate infected 79% of Ri plants from the low NP 
expressing line NP(+)2, 14, and 21 but only 19% from high NP expressing 
line NP(+)4. 

Therefore, it was concluded that the transgenic Ri plants 
expressing loW levels of the NP gene were highly resistant to infection 

3 0 with the Isolate lOW pakchoy (the "L" serogroup), but not to Begonia 
isolate (the "1" serogroup). Ih contrast, the highly NP-expressIng Ri 
plants Were very resistant to infection by Begonia isolate but not to 
Infection by the Isolate from iOW pakchoy. 

Thus, It was of Interest to accurately quantitate the relation of 
3 5 NP expression in individual plants with resistance to the heterologous 

24 



•J 



isolates. In a nurtlber of Ihocuiatioh experiments reported herein, leaf 
sarhples of trahsgdrilb plahtS were taken before Irioculating witti the 
Arkansas and iOW fj^kdHdy isolates. Samples were also taken from 
hon-ihbculated lea\/dS df pMit ihdculeit^d With the Begonia Isolate 
5 aftdir bbservationS 6f the fi^^^iir^ht blatibn betwe^h MP expression 
levels add reeiStailbd Wdfd Htade; the latter method of sampljng could 
be ddhe Without IhidHdfdnb^ from ihfectioH by th§ begonia Isolate 
because thi^ isblatd tibe^ hbt bauie systernic infection in tobacco nor 

feabts with ahtibodieg tb the tsWV-bl Hp. Aii samples were assayed 

1 0 fbf feldtive UP lbv§lg by bAS-ELiSA using antibodies raised to isolated 
NP of TSWV-BL. Figures S and 6 show the relation behween NP levels In 
transgehic Ri fslahts (irf-e^pebtivd of the Rq lines they came from) and 
their resistance to the Arkansas and IOW pakchoy isolates or to the 
Begonia isolate. Nearly ail transgenic Ri plants With very low or 

1 5 Undetectable ELISA reactions (0-0.05 OD405nm) were resistant to 

infections by the Arkansas and lOW pakchoy isolates (the *L" serogroup) 
but susceptible to the Begonia isolate (the "I" serogroup). In contrast, 
alrnbSt all Ri plants that gave high ELISA reactions (0.4-1.0 OD405nm) 
wei-e resistant to the Begenia isolate but susceptible to the Arkansas 

20 and loW pakchoy isolates. 

The double-stranded (ds) RNA was isolated from the N. 
benthamiana plants Infected with TSWV-B using a combination of 
methods (See Acta Horticulturae 186:51 (1986), and Can. Plant DIs Surv 
68:93(1988)1 vvhich have been successfully used for Isolation of dsRNA 

25 from tissue infected with grapevine leafroll virus. The dsRNA was 

chosen for the cDNA synthesis since isolation of the virus particle from 
this isolate has not been possible (see Plant Disease 74:154 (1990)]. In 
order to make a cDNA library specific to the S RNA of TSWV-B, the 
double stranded S RNA Was gel-purified, denatured by methyl-mercury 

3 0 treatment, and subjected to cDNA Synthesis procedure provided by 

Promega using random primers. The synthesized cDNA fragments were 
cloned via an EcoRI adaptor Into the EcoRI digested X ZAPII 
(Strategene), and positive clones were identified by colony 
hybridization using the cDNA probes prepared by reverse transcription 

3 5 of gel-purified S RNA. Dozens of positive clones were analyzed on 
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agarose gels and only three overlapping clones containing the largest 
Inserts (L1, L22 fiild L30) Were selected (see figure 3), covering nearly 
entire TSWV-6 S RNA. 

Thd hudebtlde SdqudHces of the Inserts In clones LI, L22 and L30 
5 Wdfd deterriiihed \it6i^^ bbth bNA gtrahd^, first by th6 universal and 
m&ts& ptm^fi dhd then by thd internal primers designed for 
sequencing the S NMA 6t tSWV-B. Sequencing was done Using the 
Sanger dideoxyribohudebtide method, 17 polymerase (U.S. 
BlbcHemicels« S6qU6hiS6 I'M), cind the double-stranded sequencing 

10 procedure described by Siemiehiak [see Analyt.'Blochem. 192:441 
(i9d1)]. The sequence dnelyses of these dones revealed Inserts of 
1.994 kb, 2.368 kb And 1.576 kb, respectively, and these sequences 
represented 93% of the S RNA genome (see figure 3). The assembled 
sequence was analysed by comparisons with sequences of TSWV 

15 Isolates CONH1, L3, I, ahd BL using computer programs available from 
the Genetics Computer Group (GCG, f^adlson, Wl). 

Computer analysis showed that the assembled sequence of 2.842 
kb covered the cofhpiete 52 K nonstructural protein gene, the complete 
Intergenic region (629 bp), and 737 bp of the HP gene (only 39 N- 

20 terminal nucleotides of the N gene were not represented). In order to 
obtain this missing region , of the N gene, a primer 
TTCTGGTCTTCTTCAAACTCA, Identical^to a sequence 62 nucleotides 
from the Initiation codon of the N gene, was end-labeled with 
polynucleotide kinase to screen the cDNA library described above. Five 

2 5 putative dones were obtained. Sequence analysis of the five clones 

showed that only clones S6 and S7 contain these 39 missing nucleotides 
of the N gene. The latter clone also Included the extreme 3' end of the S 
RNA 

The 5' extreme end of the S RNA was obtained using the 5' RACE 

3 0 System (GIBCO). Both SsRNA of TSWV-B and total RNAs isolated from 

tobacco plants Infected with TSWV-B were used to synthesize first 

pGxb No^!]^ ^^^^ ®" ollgonudeotide (S'-CTGTAGCCATGAGCAAAG) 
^complementary to the nudeotlde positons 746-763 of te TSWV-B S 
RNA. The 3'-end of the first strand cDNA was tailed with dCTP using 
3 5 terminal deoxynucleotidyl transferase. Tailed cDNA was then amplified 
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by PCR using an-aftetiof' primer that anneals toJhehorm)^olyme 
and afi dligoriucleotlde (S'-ttATATCTTCTTCTTG^rthat ahrtfeals to the 
nucleotide positions 512-529 bt the TSWV-B S RNA. The PCR- 
^^ p dt t i'li im d ^ o W m^ 9^1-purified and directly clbhed Into the T- 
5 vector piTBlue (Nova^en) fof sequence analysis. El^ht Ihd&pehdent 
dbh6§ were setjueficed wUh an oligomer prinier (5'- ^ 
Gnot(3AGA11tGetA§^Wsfto the 5' region ot the S RNA (nucleotide 
posltlbrts 40-57 of the TSWV-B S RNA). Six of the Resulting clones 
cbfttalhed the 5* extreme §hd of the S RNA and the SMermihdl 
1 0 nuclbetlde sequence from these clones was Identlcal.v Thus, the 

eottiplete nucleotide sequence of the TSWB-B S RNA Is 3049 nucleotides 
in lerigth. 

Thus these two clones together with the three clones previously 
sequenced {L1. L22, L30, S6 and S7) covered a total of 3032 nucleotides 

1 5 depicted above. Comparisons with the terminal sequences of TSWV- 
CPNH1 and TSWV-I revealed that although the extreme 5' end of i8 
nucleotides was hot represented in the assembled sequence, the 
extreme 3'-termlnus of the TSWV-B S RNA is Identical to the extreme 
3' end of the tSWV-l S RNA and Is only one out of fifteen nucleotides 

20 differeht from the extreme 3' end of TSWV-CPNH1. The conservation of 
the terminal sequence among TSWV isolates Is consistent with 
observations of the other members of Bunyavirida^ genera, and supports 
the hypothesis that the terminal sequences might form stable base- 
paired structure, which could be Involved In its replication and 

2 5 encapsulation. 
The complete nucleotide sequence of the S RNA genome of TSWV- 

B (the Brazilian isolate discussed above) according to the present 
invention is. 

AS^QCAATTC GGTCAITnT TATTCERAAT CGAAOCTCAA CD^GCAAfiTC 50 

3 0 TCAGAACTCT AATAAGCACA AG?VGCACAAG AGO^O^TG TCATCAgGTG 100 
TTTATTnAATC: GATTATTTAG A C^AAncyTT CACTTTGGGG ATOMaGCa. 150 
TYTGCTTAACT CrATTPTOGA TrrTTJ^rVCC. ATT TATGAGT TTCTAAGrGG 200 
TTTTirTACTC GrTrAAACTTG AG TTfTTAfTm TGATTCGAGG AGCftAAAGTA ^ 250 
(yTTOGGCTA CAfTTTAAAA AT TYyTTnATA TTOrTGCTTXTr AGAGGAGS^ 300 

3 5 ATTrmTCTC Ar^AACGrrcA TA TmrAGTG tttgrtgata TTGATCrcaG 350 
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rATYTAAT^TC AA TCATTCTT TCrVGCTMKT TTCrGTrrgT TOGftftOOVg 400 
^& iT^R^fTliB^ naTTAP^CTn A TTTTAAAffr TCTITCTTTr 450 

n ATOorTT^ AcrrrermTG A fyAPwrrAG ASVTTGGmG 500 
R.cfn^rg^j^Gj^^^A^ TnfTit^TS^r. Mmm^ 550 

A.feA&Pify^1iR^^ TTAAAr^AAHA T^felTAGAAA : 600 

vtAT prt«MTM(7r; rrmAAAGCA AAarrGSAOC 700 

AAR IMtonARA Ac^nTTAAATt rTTTmrAGT GftfiMCTITG 750 
,0AR^G?A riATTATOCCT A AmTinAAR CTnTCTEAA 800' 

Afrn^irrmCT gattytttatt i^ Affiro ccrrTORcrs AGfiftrrocM 850 

AAfTnyfeAft CaTXAA'mGyr ATTyr-ARAAGC TC TTnAAffrT TGGAGGAGAC 900 

(^mraTm AA^tfTTT^ TTnTTXTmTT GcarncATOC a w^TCm?v 950 
f^rriYTffaaA AcAfyrn^ ATCT nArTT?r TATATC7rA(?\ C^TCAGCITC 1000 

nAATOCrfPA gTYr3\AAGCT GCtmTCAAT TAT TAATCAT TTTCTCOGAT 1050 

nTCAAAGAQG dmrAACAG TPTYyATCAT CCT TTATATn CTCAAAQGAT 1100 

TY7nmT<3CT.lT^^ CmAfACTTC C TTTGCACJ^ GrTCTCTGCA 1150 

Ar^cnrnTA AGAARAltTro attatatata C TTATAAACAG OOCTGAACTA 1200 

Anmt^GCTA AGf^TPyg^TYTT AGCT TGAAAGA ACCTTGAACT ACAGTGftAGA 1250 

TCYTTliGGAAG AARAACTATT r TrTTTTAAA AArACTORAA TQCTTGOCAG 1300 

TAAATOteA GAnTATCTCT TATTTOGATA GC ATfYTAGAT TCCTTCATGG 1350 

AAGA'tAGACT rmnTAGAGG A nAGATTARA ATCTTCmTTC AftTCIACTCC 1400 

TATTGCAAGA TXTrTTGGTGA AGCTnGATTT GA nTAAGATT AAGGAAAAGA 1450 

AGTOCrlTGAC rrGGGAAACA TnTAGHTATG ATCTAGAA m AAAGTGGCTC 1500 

Aiz\cmc?rcT aagtagtatt TGrrcAAcrrG citatccttt atgttgttia. 1550 

5 TTTCnTDA MXniAAAGm 1600 

GGATDVrmC AAAAAA33^ AAAAAASSOV AAAAAAIACA AAAAAIAIAA 1650 

AAAAOCCAAA AAGATOOCAA AAGQGACGAT TrGGTTGATT TACTCTGnT 1700 

TAGGCmrC TAAGCTGCTT TiUiTiGAGC AAAAIAACAT TGTAACA3X3C 1750 

AAIAACTGGA ATriAAAGTC CD^AAAGAAG TTTCAAAQGA CAGCTTAGCC 1800 

0 AAAATrOGTT ' ITiViTri ' l G 'mTxTiUlT TiTiUiTiTi' TTbTiTlMT 1850 

Ti ' iM ' i ' itm GTi ' iAi ' i ' iTi ' TGnrrrGiT AfrrriMTr nMrnArr 1900 

' i ' iUm ^ IA TT TDOT^CKEAT A33\IATCAAA CACAATCCAC ACAAAIAATT 1950 
nAATTTCAA ACArrCTA.Cr GAITEAACAe ACmCCCTG ACTITATCAC ^ 2000 
ACTTAACACG CnAGrTAGG CTTEAACACA CTGAACTGAA TIAAAACACA 2050 
5 CnAGIArrA TQCATCTCrr AATEAACACA CrriAATAAT ATGCATCrCT 2100 
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GAAICAQCrr TAAAGAAGCT TTTATGCAAC AOCAGCAATC TTGGCCTCIT 2150 

TCTEAACTCC AAACAITTCA TAGAATTTGT CAAGATEATC ACTGTAAIAG 2200 

iXXAIAQCAA TQCnTlXXXTT AQCMTGQS^ TTQCAAGAAC TAAGTATCTT 2250 

TTOCCTITGT TT2VltTGTX ATC^^ GTftAMXXTT 2300 

5 TOCnrn^G aOGTQGAA ACCTTCCOCA GRGCTTOCrr AGJDCTTGmC 2350 

mGraanr GAAixxxM^ 2400 

AAGAACAACA CTCAnX3VrCT CGAAQCTGTC AACAGAAQCA ATGAGAQQGA 2450 

TAGTAOCrCC AfiGCATTATA GCAAGTCTCA CAGAITTTGC ATCTGCX3^ 2500 

GGGAG0C30GT AAGCTTOG^C CAAAQGGTQG GAGGGAATTT TTGCTTTGAT 2550 

1 0 AAIAGCAAGA TECTCArrGT TTGCAGTCrC TTCTATGAGC TTCACrCTIA 2600 

TCATGCTRTC AAGCGTOCTG AAAGTCAIAT CCTTAGCICC AACTCTTTCA 2650 

GAATTTTrCT TrATOGTGAC CTTAOCAAAA GTAAAATCAC TTTGGTTCAC 2700 

AACirrCAEA ATGCCTTGGC GATTCITCAA GAAAGTCAAA CATGAAGTGA 2750 

TRCTCATTTT CTIAATCAGG TCAASmTT CCTGACAGAA AGTCTTAAAG 2800 

1 5 TTGAATQCGA CXTGCTTCTG GTCTTCTTCA AACTCAACAT CTGCAGATTG 2850 

AGTEAAAAGA GAGACAATGT TTrGTTTTGT GAGCTTGACC nAGACArGG 2900 
TGGCAGTTrA GATCEAGACC TTTCTCGAGA GAIAAGATTC AAGGTGAGAA 2950 
AGTGCAACAC TGTAGAOCQC GGTOGTTACT TATCCrGTIA ATGTGATGAT 3000 
TTCTAiTGCT GAGTATEAQG TTITrGAAIA AAATTGACAC AATTGCTCT 3049 
20 The deduced dmihd acid sequences of the nonstructural (single 

underlined above) and nucleocapsid proteins according to the present 
invention are: 

Met SebySer Gly Val lyr Glu Ser He He Gin Thr Lys Ala Ser 

5 10 15 

2 5 Val Trp Gly^^r Uir Ala Ser Gly Lys Ser He Val Asp Ser Tyr 

20 25 30 

Trp He Tyr Glu 'Riie Pro Thr Gly Ser Pro Leu Val Gin Thr Gin 

3bv 40 45 

Leu Tyr Ser Asp Ser M^Ser Lys Ser Ser Phe Gly Tyr Thr Ser 

50 \v 55 60 

Lys He Gly Asp He Pro Ala"^^ Glu Glu Glu He Leu Ser Gin 

65 \^ 70 75 

Asn Val His He Pro Val Phe Asp Aro^Ile Asp Phe Ser He Asn 

80 \ 85 90 

3 5 He Asn Asp Ser Phe Leu Ala He Ser Cys Ser Asn The Val 

95 100\ 105 

Asn Thr Asn Gly Val Lys His Gin Gly His L^Lys Val Leu Ser 
110 115 \ 120 
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Le^Ala Gin Leu His Pro Phe Glu Pro Val Met Ser Arg Ser Glu 
\ . 125 130 135 

lie Ma Ser Arg Phe Arg Leu Gin Glu Glu Asp He He Pro Asp 
\ 140 145 150 

Asp iysNvr He Set Ala Ala Asn Lys Gly Ser l£u Ser O/s Val 
\ 155 160 165 

Lys Giii HikUir lyr Lys Val Glu Met Ser His Asn Gin Ala I^u 
\ 170 175 180 

Glv Ivs Val A!sn Val Leu Ser Pro Asn Arg Asn Val His Glu Trp 
A, 185 190 195 

Leu *IVr Ser PheNLys Pro Asn Glu Asn Gin lie Glu Ser Asn hai ' 

5k) 205 • 210 

Am Thr Val Asn sX Leu Ala Val Lys Ser Leu I^u' Met Ala Thr 
215\ 220 225 

Glu Asn Asn He Met Pro Asn Ser Gin Ala Phe Val Lys Ala Ser 
230 \ 235 240 

Thr Asp Ser His Phe Lys^u Ser Leu Gin Leu Arg He Pro Lys 
245 \ 250 255 

Val Leu Lys Gin He Ala lie Gin Lys Leu Phe Lys Phe Ala Gly 
260 \ 265 270 

Asp Glu Thr Gly Lys Ser PheW Leu Ser He Ma Cys He Pro 
275 \ 280 285 

Asn His Asn Ser Val Glu Thr Mk Leu fisn Vol Thr Val He Cys 
290 \ 295 300 

Arg His Gin Leu Pro He Pro Lys S^ Lys Ma Pro Phe Glu I^u 
305 \310 315 

Ser tfet He Phe Ser Asp Leu Lys GluVro lyr Asn Thr Val His 
320 3125 3 30 

Asp Pro Ser Tyr Pro Gin Arg He Val Hi\ Ma I^u Glu Thr 
335 340\ 345 

His Thr Ser Phe Ma Glh Val Leu Cys Asn lys I^u Gin Glu Asp 
350 355 \ 360 

Val He He Tyr Thr He Asn Ser Pro Glu Le\Thr Pro Ma Lys 
365 370 \ 375 

Leu Asp Leu Gly Glu Arg Thr Leu fi'=^" Tyr S^r Slu Asp Ma Ser 
380 385 \ 390 

Lys Lys Lys Tyr Phe Leu Ser Lys -Thr Leu Glu Cyk I^u Pro Val 
395 400 \ 405 

Asn Val Gin Thr Ifet Ser Tyr Leu Asp Ser He Gin lie Pro Ser 
410 415 \ 420 

Trp Lys He Asp Phe Ma Arg Gly Glu He Arg He SeA Pro^Gln 
425 430 \ 435 

Ser Thr Pro He Ma Arg Ser Leu Leu Lys Leu Asp Leu Ser Lys 
440 445 \ 450 
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He Lys Glu Lys LysVSer Leu Thr Trp Glu Hir Ser Ser lyr Asp 
455 \ 460 465 

Leu Glu; ^\ 

5 tfet Ser Lvs Val lys Leu Thr lys Glu Asn lie Val Ser I^u I^u 

5 10 15 

Thr Gin Ser Ala Asp Val Glu Phe Glu Glu Asp Gin Asn Gin Val 

20 25 30 

Ala Phe Asn Phe Lys Thr Phe cys Gin Glu Asn leu Asp Leu He- 
10 35 40 45 

Lvs Lys Met Ser He Thr Ser Cys Leu Thr Phe ieu Lys Asn Arg 
.50 55 60 

Gin Gly He bfet Lys Val Val R^n Rin Ser Asp Phe Thr Phe Gly 

65 70 75 

1 5 Lys Val Thr He Lys Lys Asn Ser Glu Arg Val Gly Ala Lys Asp 
C 80 85 90 

U Met Tht Phe Arg Arg Leu Asp Ser Ifet He Arg Val Lys l£u He 

M 95 100 105 

i Glu Glu Thr Ala Asn Asn Glu Asn Leu Ala He He Lys Ala Lys 

0/20 110 115 120 

He Ala Ser His Pro Leu Val Gin Ala Tyr Gly Leu Pro I^u Ala 
^ 125 130 135 

=^ Asp Ala Lys Ser Val Arg Leu Ala He Met Leu Gly Gly Ser He 

O .140 145 150 

U 2 5 Pro Leu He Ala Ser Val Asp Ser Phe Glu bfet He Ser Val Val 
0 155 160 165 

0 Leu Ala He Tyr Gin Asp Ala Lys Tyr Lys Glu I^u Gly He Glu 

170 175 180 

Pro Thr Lys Tyr Asn Thr Lys Glu Ala Leu Gly Lys Val Cys Thr 
3 0 185 190 195 

Val Leu Lys Ser Lys Gly Phe Thr Met Asp Asp Ala Gin He Asn 
200 205 210 

Lys Gly Lys Glu T^r Ala Lys He Leu Ser Ser Cys Asn Pro Asn 
215 220 225 

3 5 Ala Lys Gly Ser He Ala Met Asp lyr Tyr Ser Asp Asn leu Asp 

230 235 240 

Lys Phe Tyr Glu tfet Phe Gly Val Lys Lys Glu Ala Lys He Ala 
245 ' 250 255 

Gly Val Ala 

40 As the hucleocapsid protein gene depicted above Is ^^^^^[^ 

complementary strand, the nucleocapsid protein gene of TSWV-B 1^ 

ATG TCT AAG GTC AAG CTcVcA AAA GAA AAC ATT GTC TCT CTT TTA 45 
$V/5 pjjj- CAA. TCT GCA GAT GTT GftG TTT GAA GAA GAC CAG AAC CAG GTC 90 
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OCA Tic AAC TTT ACT TTC TGT CAG GAA AAT CTT GAC CTG ATT 135 
AAG ^ ATG ACT A»S ACT TCA TGT TTG ACT TTC TTG AAG AAT CGC 180 
CAA GGC: ATT ATG AAA^TT GTG AAC CAA WST GAT TTT ACT TTT GGT 225 
AAG GTC ACG Am AAG MA AAT TCT 270 
ATG Act TTC AGG AGG Crfl GAT AGC ATG ATA AGA GTG AAG CIC ATA 315 
GAA (SAG Jto? GCA JAC AAiXSAG A^ 360 
dec TOC CAC OCT TTG GjrCAAGCrTACQQGCTGCCrcrGGCA 405 
GAT GCA AAA TCr GTG AGA CTT GCT ATA ATG CTT GGA GGT AGT ATC 450 
OCT CTG ATT GCt TCT GTI GACNaGC TTC GAG ATG ATC AGT GTT GTT 495 
err QOC AIA TAT CAA GAT GCA AAG TAC AAG GAG TTA GOG ACT GAA 540 
CCA AGT AAG TAC AAC ACT AAG GAA GCT CTG GGG AAG GTT TGC ACA 585 
GTG drr AAA AGC AAA GGA TTT ACA\ATG GAT GAT GCA CAG AIA AAC 630 
AAA'GGG AAA GAA TAT GCC AAG AIaWt AGT TCT TGC AAT CCC AAT 675 
GCT AAG GGA AGC ACT GCT ATG GAC TAC AGT GAT AAT OCT GAC 720 
AAA ire TAT GAA ATG TTT GGA GTT AAQyAAA GAG GCC AAG ACT GCT 765 
GGT GCT OCA TAA 777 ^ 

The compete S RNA of TSWV-B should be 3049 nucleotides in 
length. 134 nucleotides longer than S RNA of TSWV-CPNH1. This 
difference was mainly attributed to the elongated intergenic region of 
the tSWV-B S RNA. Analysis of the sequenced region of TSWV-B S RNA 
revealed two open reading frames as depicted above, which Is similar 
to other tSWV Isolates. The larger one was localized on the viral RNA 
strand originating at nucleotide 88 and terminating at nucleotide 1491. 
The smaller one on the^-iS' complementary strand was defined by an 
Initlatidh codon at nucleotide 2898 and a termination codon at 
nucleotide 2122. The two open reading frames were separated by an 
Intergenic region of 629 nucleotides. Comparisons of the entire 
sequenced TSWV-B S RNA With S RNA regions of other isolates in the 
following table which depicts the percent homology comparison of 
aligned nucleotide and amino acid sequences of the TSWV-B S RNA with 
those of the other Isolates: 
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Coiripiirisons^ 


n t 


h t 


aa 


n t 


n t 


aa 


B/CPHHI 


76.4<> 


80.0 


86.1(78.3)C 


72.4 


77.5 


91.5(79.1) 


B/L3 




79.0 


89.0(82.0) 


76.4 


78.0 


91.1(79.9) 


B/BL 


76:3 


- 


- 


72.8 


77.6 


90.3(79.5) 


6/1 


63.0 


- 


- 


- 


63.1 


69.7(55.3) 


CPNill/L3 


94.8 


95.6 


92.0(89.4) 


89.2 


96.8 


99.6(98.5) 


CPNHl/BL 


96.4 






95.9 

1 


97.2 


98.8(96.9) 


CPKttl/I 


62.7 








60.8 


69.5(55.1) 


L3/BL 


95.1 






92.6 


97.3 


99.2(98.5) 


L3/I 


60.9 








60.9 


69.5(55.1) 


i/BL 


61.7 








60.9 


68.8(53.9) 



a The partial or complete S RNA sequences of isolates TSWV-CPNH1 (2.916 

1 5 kb). TSWV-L3 (2.837 kb), TSWV-BL (2.037 kb) and TSWV-I (1.144 kb) were 

used for comparisons with the S RNA sequence of the TSWV-B (3.049 kb). 

h Percent similarities were calculated by Comparison of their nucleotide or 
predicted amino acid sequaflce using the program BESTFIT of the GCG Sequence 
analysis software package. 

20 ° Percent Identity Is In parenthesis. 

As depicted, the greatest nucleotide sequence similarity (75.8%- 
76.4%) Was shown with the L-type Isolates (CHNH1, L3 and BL). To the 
lesser extent, there Was nucleotide sequence similarity (63%) between 
the TSWV-B S RNA and the S RNA of TSWV-l assigned to I serogroup. 

2 5 For comparison, the sequenced S RNA regions of the L-type Isolates 

(CHPNl, L3 and BL) shared 94.8%-96.4% nucleotide sequence 
similarities. 

The open reading frame of 777 nucleotides encodes the N protejn 
of 258 amino acids with a predicted molecular weight of 28700 Da. -we 

3 0 sequence comparisons of the N open reading frame from TSWV isolates 

revealed that nucleotide sequences of the N genes from the Isolates 
CPNH1, L3 and BL -dilleFs- from TSWV-B by a considerably larger amount 
(22<'/o-22.5%) than they differ from each other (2.7%-3.2%). Consistent 
to the results of the ImmlJhological analysis, the N amino acid 
3 5 sequences among CPNH1, L3 and BL Isolates are more closely related to 
each other (98.8%-99.6% similarities or 96.9%-98.5% identities) than to 
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the TSWV-B (90.3%-91.5% similarities or 79.1%-79.9% identities).. 
Much lower homology was observed to TSWV-I at both nucleotide 
(63.1%) iihd amihd acid (69.7% similarity or 55.3% identity) levels. 
Except fdf the N bpdri t-eddih^ franie of TSWV'i that encodes 262 amino 
5 dcids^ the N open rd^dihg fi-dfti^s of the oth^r isolates code for the 258 
afninb dbids. Cbfhputer ein£ilysis suggested that the extra residues of 
TSWV^l N bpdri rdadiHg frdrtid resulted from the amino acid sequence 
ihS6rtidh^ (residues 62 through 84 and residue 116). One potential N- 
giyeosyidtlon ^ita is fourid at residue 68. 
1 0 the second open reading frame of 1404 nucleotides encodes the 

nonsti^ctural protein of 467 amino acids with a predicted molecular 
weight of 52566 Da. Comparisons with homologous open reading frames 
of TSWV-CPNH1 and TSWV-LS showed 80% and 79% similarities at the 
nucledtidS levfel, and 86.1% (or 78.3% identity) and 89% (or 82.0% 

1 5 Identity) similarities at the amino acid level. This open reading frame 

contains four potential glycosylation sites, which are located in the 
exa ctly oam o pooitiono as those of TSWV-CPNH1 and TSWV-L3. 

The Intergenic regioh of the TSWV-B S RNA was, due to several 
insertions, 126 and 41 nucleotide longer than the counterparts of 

2 0 TSWV-CPNH1 and TSWV-L3, respectively. The sequence analysis by the 

prograrn FOLD Indicated the intergenic region can form very complex and 
stable hairpin structure by internally base-pairing U-rich stretches 
with A-rich stretches of the intergenic region, which had similar 
stability to those produced from TSWV-CPNH1 and TSWV-L3 as 

2 5 indicated by mihimUhl free anergy values. This internal base-paired 

structure may act as a transcription termination signal. 

The results tabulated above also revealed that the N protein of 
TSWV-B is subject to a higher degree of selective pressure than the' 52 
K protein; the similarities among the amino acid sequences of the 52 K 

3 0 protein are IbWer than that found for the amino acid sequence of the 

NPs. Nucleotide sequence divergence is highest arriong the Intergenic 
regions, which Indicatas that this region is subject to less selective 
pressure than either gehatic region. 

The evolutionary relationships among the TSWV-B and other four 
3 5 TSWV isolates Were analyzed and depicted in figure 4 in which the 
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evolutionary tree orgdnliatlon Is consistent, with the relatedness of 
serological data collected for these TSWV Isolates. Thus, the TSWV-B. 
accordlrtg to the pffeSfiht lnV6ntlon» Is more closely related to the L- 
typ§ ISolftteS than to the l-type Isolate TSWV-I. but Is much less 
similar to the L-type Isbiates than the L-type Isolates are to each 
other. 

Despite a slight delay of symptom expression, transgenic plants 
did hot show resistance to the Brazil isolate of TSWV; Serological 
results show that this isolate Is distinct from the "L" and "I" type 
Isolates, and biologically different from the curcurblt Isolate. The 
Brail! isolate may thus belong to still another serogroup of TSWV. In 
any e v int.'- Infectlvlty results show that It is unlikely that a single NP 
gene will provide resistance to all Isolates in theA Tocpoviru s- genus. 

Transgenic plants according to the presenHnvention that gave 
low or undetectable ELlSA reactions (0-0.05 OD405nm) were resistant 
to Infection by the heterologous Isolates (Arkansas and 10W pakchoy) of 
the "L" serogroup, whereas no protection against these Isolates was 
found In plants accumulatlhg high levels of the NP. Compared to the 
ELISA readings of cohtrol NP(-) plants (0.05 OD4o5nm). these 
0 transgenic plants may produce little, if any. TSWV-BL NP. Similar 
results have been observed In transgenic plants, in which the CP 
accumulation Was not detected; these were highly resistant to virus 
infectloh. the mechanism underlying this phenomenon is presently 
unknown. It is likely that this type of resistance might be attributed to 
5 interference of CP ftNA inoiecules produced in transgenic plants with 
viral replication, presumably by hybridizing to minus-sense replicating 
RNA of the attacking virus, binding to essential host factors (e.g., 
repllcase) or interfering with virion assembly. 

It should be noted, however* that the resistance to the 
0 homologous TSWV-BL Isolate Is apparently Independent of the 

expression levels of the NP gene. Although the relative NP levels of the 
Individual Ri plants Inoculated with TSWV-BL were not measured. It is 
reasonable to assume that the NP produced In these Inoculated Ri 
plants (a total of 145 plants tested) ranged from undetectable to high. 
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In contrast to the case for protection against the heterologous 
Isolates of the *L" serogroup, protection against the Begonia Isolate of 
the TSWV-I sercgroup WaS found In the high NP-expressIng Ri plknts. 
CompdflSon of NP nuoledtldd sequence of the "L" sefogroup with that of 
5 the serogfouf) revealed 62% and 67% Identity at the nucleotide and 
fimlno add levels, f^SpedlVely. The difference of NP genes of the two 
serogroUps might be So fli-eat that the NP (the "L" Serogroup) produced In 
transgehic plants acted &s a dysfunctional protein on the attacking 



1 0 coat protein Into virions may feiweted- defective' ylrus which Inhibit 
virus movement or Its further replication. This type of Interaction is 
expected to require high levels of the NP for the protection. 
Alternatively, resistance to the Begonia isolate may also Involve 
Interference of NP tfanscflpts produced In Ri plants with viral 

1 5 replication. If this Is true, more NP transcripts (due to the 

heterologous nature of two NP gene) may be required to Inhibit 
replication of heterologous virus. 

Although there are ho obvious explanations for the results 
Showing the relation of NP levels In Individual Ri plants to resistance 
20 to the heterologous Isolates of the "L" and "I" serogroups. It is believed 
these are definite trends since the data were derived from a large 
number (190) ot plants. Thus, it Is believed that a measurement of CP 
or NP levels In Individual plants may provide a more accurate way to 
relate NP or CP levels to resistance. By this form of data analysis, the 

2 5 results show that the resistance was more closely related to NP levels 

In each test plant than to the NP level of the Rq line from which they 
were derived. For TSWV-BL Np gene in tobacco, at least, it appears that 
integration sites of the NP gene in plant chromosome may not be 
important for viral resistance. 

3 0 Studies have also been conducted to determine the reaction of 

transgenic Ri and R2 tomatoes containing the nucleocapsid protein gene 
of TSWV-BL according to the present invention to the following 
isolates: Brazil (a distantly related virus), T91 (a closely related virus) 
and BL (a homologous Isolate). In these studies, transgenic tomatoes (L. 
3 5 esculentum) were produced by A. fume/ac/ens-mediated gene transfer 




Incorporation of this "defective" 




of the nucleocapsid protdin (N) gene of the lettuce isolate of tomato 
spotted wilt virus BL Into germlhated cotyledons using modifications of 
pubiisH^d procedures [see t^lant Ceil Reports 5:81 (1986)]. The tomato 
line ''Gehdva 80* Was selected for transformation because It contains 
5 the tiTl-22 gene Which Irtipdrts resistance to IMV, " thus creating the 
possibility of producing A multiple virus-resistant line. 

tfansformants were selected on kanamycin rriedia and rooted 
transgenic tomatoes ware potted and transferred Into the greenhouse. 
R1 and R2 tomato seedllfigs expressed the KlPT II gene, Suggesting' 
1 0 multiple Insertions of this gene In the plant genome. In contrast, only 
18% of the seedlings produced detectable levels of ihe N protein. 

Nine Ri and three R2 lines were tested for resistance to the 
following three Tospovirus described, specifically TSWV-BL, TSWV- 
T91, and TSWV-B. Infectivlty was based upon visual inspection of test 

1 5 plants. In those cases Where plants appeared healthy except for a few 

rust-colored rings or Insect damage, extracts from these plants were 
Inoculated to N. benthamlaha to test for the presence of the virus. As 
depicted in the following table, nearly all control tomato plants 
exhibited typical symptoms consisting of plant stunting, leaf yellow 

2 0 mosaic and rugosity 3 to 4 weeks after Inoculations With TSWV-BL. 

TSWV-t91 or TSWV-B. However, only 4% of the Ri and R2 transgenic 
plants became Infected With TSWV-BL. 7% with TSWV-T91, and 45% 
with TSWV-B. 
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viral resistance In trah§gdrilc 1^1 and R2 tontatoes expressing the nucleoproteln gene 
ot thd IdttUti^ strain of tomato spotted wilt virus 

inoculating Isolates^ 
Plant Line tSWV.BU TSWV-T91 TSWV-B 

Ftl Plirtts: 



T13-1 


6/22 


1/26 


7/24 


tl3-2 


6/20 


m*> 




T13-3 


2/42 


0/20 


12/18 


T13-4 


0/2S 


NT 


Mr 


T13-9 


0/20 


NT 


Mr 


T13-10 


1/50 


2/26 


"1-1/26 


T13-11 


0/22 


NT 


Mr 


T13-12 


1/29 


NT 




tl3-13 


0/22 


NT 


Krr 


TOTAL 


10/252 


3/72 


30/68 


R2 Plants: 








T13-1-7 


0/8 


2/8 


5/8 


T13-1-9 


0/8 


1/8 


2/8 


T13-1-11 


0/8 


1/9 


5/9 


TOTAL 


0/24 


4/25 


12/25 


cmmoLs 


92/95 


51/53 


52/53 



s plants werd inoculated at tfie one- to two-leaf stage with 5-, 10-, or 20- 
fold diluted leaf extract of N. b6hthamlana, H423 tobacco or tomato; the same plants 
were re-inocuiated 7 days Iat6r and symptoms were recorded after another 14 days; 
the reaction \i expressed a^ humber of plants with symptoms/number of plants 
tested 

b hot tested 

Accordingly, the description above supports the finding that 
transgenic tomato plants that express the N gene of TSWV-BL show 
resistance to Infection to TSWV-BL, to other TSWV isolates that are 
closaly related to TSWV-BL, and to the more distantly related TSWV-B. 

In further limited studies with an additional isolate, all 
transgenic plants Werft feslstant to the^ 10W (pakchoy) Isolate, whereas 
the controls were Infected. These results show that transgenic 
tomatoea are better prbtdctdd against closely related isolates^ than 
distantly related Isolates. Unlike In transgenic tobacco and N. 
bert^/jam/ana expressing the TSWV-BL N gene, the level of N protein 
expression did not correlate with the observed protection in transgenic 
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t6rhdt6d&; 55% 6f th§ trdhSg^hic tomatoes were al^o resistant to a 
tilStdhtly rel&tdd id6idt6 of tsWV^B. which was not observed In 
tfatlSgdhic tdbiieed eiHd M brnhmm^ plahts. the§§ discrepancies may 

fdfjget that tomiitb is ifihsremiy l^ss guscgptlbid tb to^povirus^s. 

5 in ddditidh, studies mtb diso conducted to ddterrnihe virus 

diStfibUtlbri tri k mA\\ iiumbdr of plants at § gild 7 w§eks dfter 
Ihoeuidtioti. tli§ diStai Halves from leaflets of ell e^tt^ahded leaves of 
eabh piant were ^rbUHd and back-ihoculated onto N. b&nihamlan^. The 
results taken seven days after inoculation showed that virus cannot be 

1 0 rebbvered frotti any leaf tissue of asymptomatic transgenic plants 
InbbUlated With elthei- TSWV-BL. -T91, or -B. confirming the visual 
findings repbrted abbve. In transgenic plants showing symptoms, the 
virus is not distributed thrbughout the plant. For ej^ample, a transgenic 
plant which cbuld hot be conclusively rated visually contained the virus 

15 in only two bf the 8 leaves; the second leaves from the bottom and top 
of the ^lant. Cpnverselyi virus^present in ail leaves of the infected 
control j3lartt»,-a«€hfe absent In those of the healthy control plants. 

Graft ihoculatibhs were attempted to test Whether the resistant 
trariSgetilc plahts cbuld become infected if virus Is introduced into the 

20 vasdUlar system. Ri ahd R2 plants that had been inoculated at 1:5. 1:10 
or 1:2d dilutions of TSWV-BL. -T91. or -B were grafted onto control 
plants ihfected with the same isolates and dilutions. The 34 transgenic 
plants Were asymptomatic after 31 days, although the hon-transgenic 
controls were ihfected. After 23 days, the top 46 cm of transgenic 

2 5 plants had been trimmed away to induce new growth and more plant 

stress. Althbugjh the young, vigorously growing hew shoots failed to 
Show Shy symptoms Oh the 3lst day post inoculation, 33%. 31% and 45% 
bf t3WV-BU -T91 ahd -B were showing leaf or stem Symptoms, 
respectively at 45 days pbSt Inoculation. These results Indicate that 

3 0 some transgenic plahts are tolerant, and others are immune to 

Ihfectlbh. 

thUSj according to ohe aspect of the preseht Invention, transgenic 
plants expresslrtg the NP gene of the TSWV-BL Isolate are highly" 
resistant to Infections of both the homologous TSWV-BL Isolate and 
3 5 heterologous Isolates of the same serogroup (Arkansas and 10W 
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fidkchoy). Mdl-e Sl^hlflcantlyi the resistance is effective to Begonia 
isdtdte trdfti bther sefd^feups. in brtefj the above clearly describes 
M\ Mht^mt mm6 ^m\s &k\pm^\t\^ the hUdedprotein gene of 

tSWV^BL display >&si8tart6§ to bbth tsWV und INSVj arid tha protection 
a^pd&fs td bd rtiadtated by tha nudlbtirdtaiti a^atftat di&tantiy related 
iN§V and by the ftueiad^fdtairi ^ana HbbHuaiabtid^ iat^uahee agaihst the 
hdm6t6§dua and 6tdsaiy feiatad tswv tsbiatag. thia is tha first time 
brdad apebtruHi raslataHbd 6f the engineered pianta to diftarent 
ladiatas of tswv has baah ahowh. 

While d&at proteih protection generally displays delay and/or 
reduttlori Irl lAfectlflH ahd aymptom expression, but ho Immunity, the 
presertt Inventldh prdvided a significantly high peroentage of transgenic 
plartts which were syriiptbhi-free and free of the infective virus. 
Resistance of these plants under greenhouse coridltloris persisted 
threu^hout thair life cydej and more importantly was Inherited to their 
progenies as showri above. 

It was observed in the present Invention that the transgenic 
plants produdng little, If any. TWSV-BL NP Were highly resistant to 
infection by the hottiologous isolate and other cloSeiy-related isolates 
within the same serdgrOUp of tswv, whereas no protection was found 
in those expressing high levels of the UP gene. 

the biological diversity of TSWV is well documented and has 
been reported to overcOrrie the genetic resistance in cultivated plants 
such as tomato, thu^ It Is extremely important to develop transgenic 
plants that Shew many strains of TSWV. the present 

invention indioates that one method to do so would be to utilize the 
viral Nf» gene to confer this resistance, and that this resistance would 
be to diverse tsWV isolates, thus, the finding of the present Invention 
that the expression Of tSWV NP gene Is capable of conferring high 
levels of resistance to various TSWV isolates has a great deal of 

coiTtfiierdal irhportanca. 

In another aariaS of studies, Plasmld BiN19-f^+ was constructed 
and transferred to Ai iUffimclens strain LBA4404 in accordance with 
Example IV, and transferred to NicOtiana benthatillana In accordance 
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with ij^ample V. th§ Hubl§ocapsld genes of INSV-Beg and -LI Were 
6fH0llflfld With ollSOrtlSf pflffters INSV-A , _ . ^ n 

(S'^tAdmtdtAbMaOAtCStaAcAMGCAMGATTACCMG^^^ iNsv-B . 
(S'^f A0Adt66AtdaAt(3dimtneAAATAA1ttAtAA^ ^'^ 
hybrtdiSilii^ ta the S'^aecllHg and a'-rtohcodiri^ regiens of the 
hu6id66iip§!d §6fid 6f ah IN^V isolate. respe6tiv§ly. The amplified 
fluaiddk^sid @§hd Ifadft^dhts were puHfied ih aecdi'dahce with Example 

III fihd didlSted ihd Set^Udhced in accordahce with E^cample iV. 

§f a tdtai df 24 N+ (tranfefbl-med With pBlNi9-N+) and 18 N-'^^^^ 



were 



wefe tfattsfirred td aoll ahd grown in the g&SJSwjSfc^' N+ lin 
cdfififfHed By Pdm at leaf stages 4-5 to contain the N gene sequence 

the f-elatlve level of N pfoteln accumulation was estimated In each 
indepeftdent Rq transgenic clonal line by DAS-ELISA using antibodies of 

1 5 the t^WV-SL N prbteih. df the twenty-four Kl+ lines, two had OD405nm 
readihgS of O.Sd-I.Od* seventeen between 0.02-0.10, and the remaining 
five less than 0,02. Healthy N. benthamiana or transgenic N" plants 
gave <3D405nttt readings of 0.00-0/02. All the Rq plants were self- 
pdllihated and the Seeds from the following transgenic lines were 

20 gerfllihated en kahaftiyclri (300 ^ig/ml) selection medium for Inoculation 
tests! (1) N"-^ and -6, control transgenic lines containing vector 
pBlNig aiohe; (2) N+^28, a transgenic line that produced an 
undetectable amount of the N protein (OD405nm = 0.005); (3) N+-21, a 
tranSdertlc line producing a low level of the N protein (OD405nm = 

25 0.08$); and (4) N+-34 artd -37» two transgenic lines accumulating high 
levels of the N protein (OD405nm = O.5O-I.OO. These six lines were 
then ahdiyted by Northern hybridization; the intensity of N gene 
transcripts correlated well with the levels of ELISA reactions. 

Transgenic seedlings from the six Rq lines Were selected by 

3 0 gerrtllnating seeds on kanamycln selection medlumi and these seedlings 
were ihocuiated with the five tospoviruses. The Inoculated R1 plants 
wer§ rated susaeplible if virus symptoms were observed on 
unindculated leaves, in order to exclude the possibilities bf escapes, 
trahSdanic control N- plants were always used in each inoculation of 

3 5 transgenic N+ plants. Ih addition, each inoculum extract was always 
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ug6d td first iridculate N-*- pidnts followed by control M* plants. The 

rggUttS from tHId S6fldS Ot studies Eife depicted beloW: 

f^ddctidHS of (il ()lfiHt§ 6J$fe§§ifl3 th§ Hucldd6#§ld (N) jjfotein gene of N. 
bdmrntiM $t)dtt8d Wtii VlfUS (t3WV) td iHdglilfltidfl with Tospovimses 

5 Nd. plants iHfgded/Ktd. pidhts inoculated^ 



t=tb Line 




gL 


ibw 




LI 


TSWV-B 




^0.02 


3^32 


3^32 


32/32 


20/20 


32/32 




0.005 


16/16 


16/16 


15/16 




16/16 




0.035 


9/4d 


17/40 


39/40 , 


, 18/20 


40/40 




0.715 


25/28C 


28/28 


23/28C 




28/28 




0.610 


26/28C 


22/22 


21/28C 


16/20C 


22/22 



~'q ^^LISA datd of Rq iities froni Whicti the Ri plants were derived; 

± ^dd'teld diluted leaf ektrdctS df Infected N. benthamiana plants Were applied to tiie 

i^U 1 5 thre§ leaves 6f pisihts at the i-5 leaf stages. Each Extract was always used to 

Inbcuiatd N4- pidhts fotldwed by control N- plants. Data were taken daily for at least 
"•-i two ftibhths after IhocUlfltloh and expressed as number of plants systemically 

CO Infaatdd/huitiber of plants Irlbculdted; 

Cihdtbatd that hedHy ail susceptible Ftl plants displayed a significant delay of 

20 symptdftt fippMahce. 

b As ddpidted tri tfie above table, all R1 plants from control lines 

[j=^ N*-2 afid -6 sHdWed syStdnilc syrtiptoms 5-8 days after Inoculation 

with dll the viruses iastdd. None of the R-| plants from line N-t--28 
vy prbdu66d detectable levdis of the N protein, and all were susceptible to 

25 thes§ Viruses except for dtie plant inoculated with INSV-Beg. ELiSA 
assays of i§al discs troiti this N+-28 Ri plant sampled before 
inodUlatiofI dearly showed that the plant identified to possess the 
INSV-Beg resistant phehdtype did accumulate a high level of the N 
protein {OD405nm ^ 0.78 as compared to OD4o5nm <0.02 for all other 
3 0 N+-28 Ri plants). 

the low N gehe expressing line N-<--21 showed the best resistance 
against the homoldgdus (78%) and closely related tSWV-low (57%) 
isolates and very little fdSlStdhce to the two INSV Isolates (3% and 
10%); dhly three N+-21 pidhts showed the resistant phenotype ^heh 
3 5 ihdcul&ted With the INsV Isolates. Leaf Samples from theSe INSV- 

reSlstant N+-21 Ri plantS^ave much higher ELISA reactions (OD405nm 
0.5 to 1.00) and thus higher amounts of the N protein than the 
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SUSd§ptlbl6 N+i21 plants (OD405hrt1 0.02 to 0.20). The high N gene 
e«p^6S§ihg ilrtdS N+»d4 afid -37 showed the highest resistance to INSV 
iSblatdS (18%^2S%) fdliawed by the hohlbldgdug t§WV-feL isolate (7% 
6Hd WHlId hdH§ bt m plants ShbW§d ffiSlStiftBS to tsWV-loW; 

Hbwevef, tH§ ahd -at fti piahts mi bitmi mtm with imsv 

bf t^WV-fik did ShbW vaHbUS lehgthS bf delilys IH ^ymptbfft expression. 

Ndhs bt thd J=I1 plants tfbfft thasa fbur tfahsaahib N+ liries ware 
tmm tb tsWV-ii febftia bf tha ni plants from thb N+-34 and -3,7 

sHawed a slight daiay bf sytiiptbtn appaaranda* 
Ift studies tb datermihe whethar the level bf M protein production 

Ih F^i plants was assobiated with reslstanca tb different 
fOipmtuSiiSi the mbculatad N+ Ri plants in the preceding table were 
fa-bfgaftiz6d into fbu^ graupS based on the intensity of their ELISA 

fea^ah|^of tiSsuas taken before inoculation irrespactive of original 
RO the N+ t\i plants that expressed low levels of the N protein 

(6;6i-b.2 db) Showed tilgh feSiSlarice (100% and 80%) to TSWV-BL and 
•'low but were all SUSbaptlble to INSV-Beg and -Ll. showing no 
detaetabie delay Ift syftiptbrti expression relative to control N- plants, 
ih ebrttrast, haarly all N+ Ri plants with high levels of the N protein 
(d.^6»1 ibb db) shbwed varibus levels of protectioh against tswv-bl. 

INSV^Iieg ahd -Ll, fahgih^ trdrti a Short delay of symptom expression to 
ebfflplate fesiStMrtee with hlost of these plants showing various lengths 
of delay m sylilptbrti davaiopmeht relative to control N- plants. No 
pfdtabtlbh was observed Ih the high expressors against TSWV-lOW. In 
addltlbh, nohe bf tha N+ Ri plants Were resistant to TSWV-B regardless 
of the level of N gbhe expression; however, a short delayed symptom 
appearahce was observed in the N+ Ri plants producing high levels of 
the N protain. All cohtrbl N- Ri plants and transgenic N+ Ri plants with 
Uhdetactabia ELISA ^eactlohs (0 to 0.02 OD) were susceptible to all the 
Ttis^dviruses tested. 

the ihhibltlbii bf replication of a distantly related INSV In N. 
behthafttlaria pfotbplasts aj^prassing the TSWV-BL nucieocapsld. gene 
was also studied. IH thesa studieSi whole insv-li virions were used to 
Infect protoplasts that ware isolated from three transgenic lines to 
Investigate how the products of the transgene affect replication of the 



ihcbrlftihd vims. Viral repllcatibh was determined by measuring the 
I^Vdl bf the N pl-btdih bf thd infebtifig INSV In transgenic protoplasts 
USIA^ amibbdieS 60§ei!i6 to ttl6 INSV N prbteih. DAS-ELISA analysis 
^HdW^d thdt lill IDrbSdhidS tfbfti a giveii lirib Wbre relatively uniform and 
5 medfly fill f^i ptt^my gave an 6Xt}^d§§ibn liv^i of tfifts^enlc N gene 
Similar tb th§if pAtm^l {m&QBt\\b \m. th§^6 results alloWed for the 
pfedibtion bf the akpre^sibh l§vel bf Ri pbtsulatiohs ba^ed on that of 
iheilf pafeht^l lihbs. f^l-dtbpla^tg derived frbm Ri plants of the low 

expresger line U^-ai ^uppbrted the replication of INsv-LI whereas ' 
1 0 prbtopiests ffom Ri plehtS bl the higher expi-essor line did not 

Uhtii 4^ hours efter inbbulation at which low levels of viral replication 
were bbserved. The eertte prbtbplaets at various time intervals (e.g. 0. 
[| 1d, 3d ehd 42 hbUr§) were eleo assayed by DAS-ELISA using antibodies 

i gpeelfie to the tSWV-BL N prbteih to monitor the expression level of 

15 the trartggene. As expectldj pretoplast from N+-2i Ri plants produced 
^Ij reidtlveiy low levels (0:333-0.395 OD405nm) whereas protoplasts from 

M+-37 Ri plants accumulated high levels (0.822-0.865 OD405nm). The 
expressibn level was fbUhd tb be consistent at all time points. 

li^ this aspect bl the preseht invention it has been shown that 
20 trahsgehic N. bSnthdmrnhA plants that accumulate low amounts of the 
tSVyV-SL N prbtein are highly resistant to the homologous and closely 
related (tSWV^OW) Iselates. Whlie plants that accumulate high 
drhdUhtS bf this proteih posses moderate levels of protection against 
bbth the hbrtiblb^bUS and distantly related (INSV-Beg and INSV-LI) 
25 Viruses, f^bre Irtlportahtly, these findings indicate that transgenic N. 
benthariilana plants (a systeitiic host of iNSV) are protected against 
INSV-Beg and INSV-Ll Isolates. 

As discussed above^ We have shown that transgenic plants 
expressing the N gehe of tSWV are resistant to homologous isolates, 
3 0 and that such plants expressing the TSWV-BL N gene are resistant to 
bbth tSWV and INSV. It has also been slioWn the best resistance to 
hbmbldgous ahd clbSely related isolates was found In transgenic plants 
accUfilulating bW levels bf N prbtein while transgenic plants With high 
levels bf TSWV-BL N prbteih were more resistant to serologically 
3 5 distant INSV Isolates. This observation led us to suspect the role of 

44 



fn 

5 

P 
r: : 

5: \ 



the tfdhslated N ptbielh product In the obSiarved protection against 
hdmblogou^ arid elaSdly f§ldted ISbl&tes find to Sjaeculate that either the 
U Qm Itself Whieh was lHg§rted Ihto m plant deftorne or its transcript 

was iHvbived Ih the pj-6t66ti6H. to test this hypothesis trahs^enic 
pidfitis dohtfiinlh^ the pfdmeteHesg N ^ene br expf6s§iri§ the sense or 
fiiittsghse uhtfansiatabie N bedih^ sequence were pi-oduced. What was 
diseaveied was that bath aehse and ahtiserise uhtrahslatabte N gene 

RNAs provided pi'bteetlbfi ftgalrtst hoitiologous and closely related , 
isdiates, and that these RNA-mediated pfotedlbHs wei-e tttost effective 
In plants that syhthesiited l6w levels of the respective fiNA species and 
appears tb be achieved through the inhibition of viral replication. 

More specifibaliy, the boding sequences Intrbduced ihtb 
trartSgenic plants IS shbWn Ih figure 7. As depicted, the construct 
p6IN1d-N cbntalhS the prottibteriesS N gene inserted Ihto the plant 
trahsfbrmatlbn vectbr pBINl9 (see Example IV). All other constructs 
contain a double 36S promoter of CaMV, a 5'-untrahslated leader 
sequence of alfalfa rtloaalc virus and a 3'-untranslated/pblyadenylatlon 
^eqi^rtce of the hbpaiine synthase gene. pBI525 is a plant expression 
■v#€#f and Is used in this study as a contrbl; pBI525-mN contains the 
mutant (untranslatable) farni of the N gene; pBl625-asN contains the 
antl§en§e fbrm bf the Uhtranslatable N gene. One nucleotide deletion at 
the S'^termlrtus of the mutant N gene is indicated by the dash Symbol. 
AtG bbdohS are underlined and Inframe termination codbns In the 

mutant gene are shewn In bold. 

EXAMPLE VIII 

Primer-directed mutagenesis and cloning of the TSWV-BL N gene 
was conducted as follows: 

Full-length N gene was obtained by reverse transcription and 
pbiyrtierase chain reaction as descHbed in Phytopathology 82:1223 
(19§^), the disclosure bf which is incorporated In toto herein. The 
Untranslatable N cbding sequence was 'similarly generated by RT-PCR 

using biigbftier primers A ^^^^^ ^ 

(AG0AttC3GAtCCAtGQTtAACACACTAAGCAAGCAC)> which is identical to 
the S RNA In the 3'-noncbding region of the TSWV-BL N gerte. and^B 

(AGCtAATCTAGAACCAtGGATGACTCACTAAGGAAAGCATTG-rrcl^r^'^'^ 




6mp\Bmmaty to the 6 ttNA iH thS S'-tei-minus of the N gene. The 
latter Oligtittiei- pHhief cdHtaihS & {fdmeshift mutation immediately 
fittdf the trahslitidh fAitiiitldfi 66dbii etrid several tefrtiihation codons to 
- bl66k Jdd^iblii tfdftgl^tlafi rdlldtHftiU^hs. the intact dHd tiiutant N gene 
§ ff§p6hi§ mte ^uHfldd dn a iiV^ ^mk^ 0 ^ dggcribed in Example 
\L iU get-l^blited il^tiidt i^d HiuUht N geh§ Irdp^nb W6re dig&sted 
With tH6 appt'd^fiitd re^tfldttdh ehzytti^Cs) and difedly clohed Into 
6ar^NI/)(bdl-dig@§t@d p\m trah^toftriatioh vector pSINig and Ncol- 
dlejg§t§d pltht dkpmSStan vector p3l525, respdctlVgly as described in 

1 0 ^kdrf1pl§ IV. thd rdSUltlh§ lilasrnids Were identified' and designated as 

p^lNld^N containing the Intact, promoteriess N gene, and pBl525-mN 
flf^d p3lS^^-a3f^ bbntalHIHy th@ hiutdht coding sequence in the sense and 
g arttisense orlentatlongi respectively, relative to cauliflower mosaic 
=p virus 8S^ promoter, the tranalatablllty of the mutant N coding 
^ 1 5 sequence in the expression caasette was checked by transient 
Si expresaibh assay in NicdtiAM tabacutn protoplasts; and the expression 

^ cassettes containing the sense or antisense mutant N coding sequence 

were then ettm^ from plaamid pBI525 by a partial digestion with 
[; Hindlil/ieftRI (since the N adding sequence contains Internal Hindlll and 
m 20 Ej(0F(l Sites), and ligated into the plant transformation vector pBINig 
fU that had been cut With the same enzymes. The resulting vectors as well 
;2 as pBINl9-N were transferred to A. tumefaciens Strain LBA4404 using 
the procedure described in Example iV. Leaf discs of N. tabacum var 
Havana CV 423 Were Inaaulated with the A. tumefaciens strain LBA4404 

2 5 aontalning various CortstruatS and the resulting transgenic plants were 

self-pollinated and aeada were selectively germinated on kanamycin 
medium. 

Pcf^ Was performed on each Rq transgenic line as described 
above, the oligamer primers A and B were used to determine the 

3 0 presence of the N coding sequence of TSWy-BL. The oligomer primer 

35§-pramater (GCCActAtCGttCGCAAGAca^^S^co'rtSrned with either 
the dligamer primer A ar 3 to confirm the orientation (relative to the 
(!>aMV SSs promoter) at the hiutant U coding sequence inserted Into the 
plant genome. bAS-ELISiA used to detect the N protein In transgenic 
3 5 plants was performed liSlng polyclonal antibodies against the TSWV-BL 
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N pfdt§irl; Fdt- m 6$tim^ti0h of RNA trarigcript level In transgenic 
p\&m by NbHhdPil bl6t( tOtdl fildht NNAs Wei-d isblsit6d according to 

UApbW [m tH6 r=>tam §§ll ^Mq (id§o)]^ gnd were &§i3^rdted on a 
\mm^h'^6&-mim\f\Q ^mbi&B (lo ^^/tdhe); thd tgarosd gels 

5 Wdfd iB6H^tdlhed With bftifrlidd td 6hSUf§ Uhltaility of 

idial 0l^t f^NA§ th §a6h lllA^^ Hybi-idl2£ltlbH 65fiditl6h§ W§fe>s 
d@§6lfibed Ih thd 6§h6§af6^h ^lus protocol by ih6 hidtiufdctur^r. 
FlddUltlhg §idri£ll bldt^ W§f§ tompmd and hbrtnali^ed bdsed on ihe'N 
gdfi§ tmfiSbHpt b^na of tH# bontl-ol Idhe (th§ mN Fti plant producing a 

i 0 high level of the N gene trahscrlpt) included in each blot. The 

trehg^enib plams thdj ^ave density readings (Hewlet ScanJetAend Image 
AnalyiSife Program) b§tWgeH lOO and 150 were rated as high expressors, 
while the plants with dehslties between 15 and 50 were rated as low 
ekpfes&ors. 

1 5 IhocUlatlon of trahSgehic plants with Tospovirus Was carried out 

as described above with Inoculation being done at the 3-4 leaf stage 
except were indioated. 

Tobacbb pfbtbpldStS were prepared from surface-sterilized 
leaves derived from Rl plants [see Z. Pflanzanphysiol. 78:453 (1992) 

20 With tflbdiflfcatlbhfe]. the ISblated protoplasts (6 x lo6 protoplasts) 
were translorrtied with 0.68 ODaeOnm of the pUrtfled TSWV-BL virion 
preparation using the PEG fnethod [see Plant f^ol. Biol. 8:363 (1987)]. 
The transforrtied protoplasts were then cultured at the final density of 
1 k 1o6 pfbtoplasts /nil In the culture medium at 26«»C In the dark. 

25 After various Intervals of ihcubatlon, the cultured protoplasts were 
washed twice with W5 solution and lysed by osmotic shock in the 
enzyme conjugate buffer. Viral multiplication (replication) was 
estimated by measuring the N protein of the virus using DAS-ELISA. 
As described, bhd aspect of the present Invention demonstrated 

3 0 that trahsgehic tobaccb prbdudng nbne or barely detectable amounts of 
the N protein were rasistant to homologous and closely related Isolates. 
This result suggested that the observed resistance may have been due 
to trans interabtlons of the incoming viral Kl gene ^UA with either the N 
gene trahSbrlpt produced In the transgenic plants or the N coding 

3 5 seiiuence itself, to test whether the presence of the nuclear N gene 
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plays a role, transgehic P*N Ro lines and Ri plants from two P*N lines 
Were ehalldhged with fdUf fd^jadW/i^ses (TSWV-6L, tsWV-10W, INsy- 
Beg dHd T6WV-6). Ofily asywptShiatlc plshts wecfi rated resistant 

whii§ piahts shdwlHd ^nV &y^i!itdms mt& fsted gusceptibie. An 
5 ihbauifited R5 and ^1 pidhts were §usc6ptibie to tH§ viruses. 

16 further test the tifeSSiBlilty that the trdh§crlt)t of the U 
trdfisgerte Is involved In the fjrbtectioh. a number of ho transgenic 

plants that produced either the sense or the antlsense N gene transcript 
but fibt the N protein were Ihoculated with the hottiblogous isolate. 
1 0 Results appear in the tdllbWing table: 

f^bfm bf Level of N f^b. of RO No. of lines No. of lines 



transgehea gene RNAb linee tested Inoculatedc resistant 

mN H 8 4 0 

L 17 16 16 

15 nd 4 10 

asN H 6 3 0 

L 9 5 5 

nd 1 0 0 

P°N nd 12 6 0 



2 0 aftlN ahd aSN represent plafitS exjsl-esslhg the sense and antlSehse untranslatable N 
geneSj respectively/ P»N represents plants containing the prbmoterless N gene; 

bthe level of the N gene RNA was estimated In each line by l^orthem blots, nd 
indicates that the N gene trdHSCrlpt was not detected; 

Cad-fold diluted leaf extracts bf the N. benthamiana plants Infected with TSWV-BL 

2 5 were applied to three leaves bf each plant at the 6-7 leaf stSge. Each extract was 

first applied to all test plants follbwed by control healthy plants. Data were taken 
daily for 45 days after inbculdtlbn and only the asymptomatic plants were rated 
resistant. 

Unlike the cohtrols, Which developed typical systemic symptoms 

3 0 7 to 9 days after Inoculation, 16 out of 21 mN plants and 5 our of 8 asN 

plants Were asymptomatic throughout their life cycles. Northern blot 
analysis of leaf tissues sampled before inoculation showed that all the 
resistant Ro lines produeed lew levels of the sense or antlsense N gene 
RNA, whereas the susceptible Ro lines produced either hone or high 
3 5 levels bf the RNA species. Since this data suggested that the 

resistance of transgenic plants to TSWV-BL was related to their 
relative levels of N gene transcript, transgenic progenies from four mN 
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and thfee aSN with either high or low N gene transcript ievels 

werd selected by S§fhilft6tldft ori kanamycin-cbntaihihg rtiedia. These 
trartgjgenlc piafitS WSre tested fof fesistdhce to the tour Tospoviruses 

at the 3 to 4 leef 6ta§e, §jeeept that Sottie ftt pmi Uom two asN lines 

Wefe irtbculated ai the § t6 i lelf stage, th^ fesiiltS ere summarized ir 
the tdlldwihg table: 
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Ail Ri pidhts ffom hl^h expl-esspr lines mN-2 ahd rhN-7 Were 
§usa§0tibl§ td tfit§etldf)§ By allA|=dd^i3iHrti§es- tested^ md mse plants 
did hot ^hdw d deleiy 6f sym^tdW dppe^rdnce as edHifj^eed to controls. 
Ih eerttffiSt, high pfapdtiiaHS of m ftt plafltS ffOW IdW §xpre^sor lines 
5 niN-iS .aftd wm t&mim to hOftiOlogous (TSWV-BL) &Hd closely 
felftt§d (tSWV^IbW) Igflldte^, biit not resigtaht to iHfectlOns by 
dlstafitly feiatid fdsfid\/itus&6 (INSV-Beg atid tsWV-6). the resistance 

of a&N fti plants trdfrt low 6xpressor fio Iln6s was markedly influenced 
by m T§WV isolate used fof- Inoculation. All but one of thd small Ri 
1 0 plants (S4 i^af stage) ffOm low expeessor lines asN^t and -9 became 
Irtfeetfid, although there was a delay of symptom appeai-ance. when 
inocUlfited with the hbhieiogous TSWV-BL or closely related TSWV-10W 
isolates. In contrast, most of the large Ri plants (6-7 leaf stage) from 
line asN-9 were resistant to both isolates. In comparison, control Ri 

1 5 plants and Rt plants front the high expressor line such as asN-4 

displayed no resistance to either of the isolates regardless of tiie size 
of test plants. Ahtlsense RNA-mediated protection was not effective 
agjeinst Infeetioh by the distantly related ins v-Beg and tsWv-b 
isolated; 

20 Analyses of data presented in the above two tables suggest that 

sense end entisense RfslA-niediated protections are observed only In low 
expressars of the N gene; the Ri asN plants that produced hlgli levels 
of the itnlisense N gene transcript were as susceptible as control 
plantS; In cOhtrest, the SSN low expressors displayed a delay in 

2 5 symptom appearenee when inoculated at the 3-4 leaf stage and showed 

Increased levels of resistant when inoculated at the 6-7 leaf stage. 

Inhibition of viral replication in tobacco protoplasts expressing 
the sense or antisense form of untranslatable N coding sequence was 
also noted. In this instance, whole virion preparations of TSWV-BL 

3 0 were used to tranSfeot protoplasts isolated from transgenic lines to 

investlgete the effect of sense or ahtlSense N gene transcript on 
replieatlon of the Inooming virus, viral replication was determined by 

measuring the level of the N protein of the incoming virus in 

transfected protoplasts, and it was found that protoplasts derived from 
3 5 plants (mN-7 and asN-4) that produced high levels of the respective 
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ftNA trahscflptS supported the replication of the Virus, Whereas 
mm\m& m m m expreSSSr (rtlN-lS) did Hbt. f^^otoplasts from 

art 6sN low exprl^§s^^ (a§N-9) supported ftiuch Ibwe^ levels of viral 
fepliddtibh; 

■ Aedafdlftsiy, IH this aspect of the pitHm iHveHtion m have 
^HdWfi that tfflttsg§flt6 plants &m&m\^ et amisehie form of 
urttftftslatabie N m\m m^^m a^e ^e§l§taHt td hdfhoiogous 
(fSWV^SL) artd ddsaiy faiated (tswv-ioW). but hdt to distantly , 

faldt^ia (IN§V4e§ and t§WV-B) To^povitu^^s. the following table 
pfdvldes a 66rtipai^lgtirt ef resistance to Td$p6vitus&s between 
transishic tebaccd expressing various forms of the tsWV-bl n gene: 

.Td606vlm!i . 
tSWV^BL 

INSV^Beg 
TSWV-B 

rtSS? 5"^ ^: ?entfiam/ana plents expressing the Intact N 

?^2?ffl^ TSWV-BL td Irtoculatlon with the four Tospovlmes ere Included for 
JSSP Af^-i^"^'"^f<"'*"5^ ^^^"^^^ °* trensgemc plentS cohtalhlhg untranslatable 

ptorrioterless (P»N) N coding Sequences . R = resistant. 

o fe susceptible; 

^Mb^ii'hlil^l?^^^^^ '"P"^'^ P'^y«<'p«'^°'°gy 82:1223 (1992) and 

*5|evel of resistafice tnay depend upon the concentration of inoculum. 

these results bbhflfhl and extend the earlier aspects of the 
present inventlbn for HNA-mediated protection with tsWv. 
f^urtherfhore. the prbtectlbh Is observed in plants producing low rather 
than high levels of the N gene transcript, and although earlier studies 
reported herein indicate that tobacco plants which produced high levels 
bf the tsWV-SL N protein displayed resistance to INSV-Beg, this 
addltlariai date indieates that since resistance to IMSV-Beg was not 
bbserved in transgenic plants expressing the sense br antisense form of 
the untranslatable of the N gene thus clearly indicating that protection 
against INSV-Beg is due to the presence of the N protein and not the N 
gene transcript, thus* it appears that two different mechanisms are 
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thvalvfid ih pfbtddibh irans^etlic plants against TSWV and INSV 

fds^dmuisi &i6mm§ te tH§ pmmi invehtion. bm higch^nism 
\m\m ths N tfansefipt (rtNA^medi^dd), and gnoth^f involves the 
N FifatdiH (0r6t3iH-iiiidi6dt§d)i in ddditioh) m mm of protoplast 

6ii0SHrH6Ht§ lHdl6it§ iHdi N ^gfid tiMA-ttiediiied 0f6t§btioh is Achieved 

thfoii^H^ii 0r66d§§ iM inhibits vtfsi ^epiibdtiehi aHd the data contained 

Ift tli# ibdVd tibiae gUgS§St iHdt ^^ot^ctloh ik^&mi th6 distantly 
felgt^d INSV'^^dg isdlatd i§ bdhferfed by m N protdiil of tSWV-Bl, and 

Hot by thd ddfid trartsari^t. 

^Ihaityi furthdl- StUdlds wer6 conducted to provide still another 
fistiebt 6f thd 0f6&drit ihvSHtibh - that a portion of theysJo spov iHis 
nubl§6^fbtein g^ne (jfoVlde protection of transgenic p^nts against 
ihfebtibh by the To&pdvitu^. It has already been demonstrated ^^y^^ 
that th§ N g§na f^NA pretabta agalhst hombibgbus ahd closely ^realJed- 
tsWV i§blate§ Whild thd N protein protects against the ^^logous 
labiata and dlatantly r§iatad INSV isolates; that M ^ene nflE-medlated 
prbtabtlen is affbctiva in piahtg expressing low levalg of the N gene 
Wharsas N protain-riiediatad protection requires high levels of N protein 
dcbufttulatiohi dhd that th§ N gene RNA-mediated protection is achieved 
0 thfdUgll inhibttlbh bf viral raplicatibn. Based upon this prior data, we 
hbxt aat out to detarftiina whether a portion of the N gene might work 
agaihSt infectibti by tha Virua. We found, a^ discussed below, that 
trangganic plants expreasihg about one-half of the M gene sequence is 
resistant to the virus. 
5 The fbllbWirtg desbribes the cloning of one-half N gene fragments 

of TSWV-BL Ih ordar to dartlbnstrate this final aspect of the present 
invention, tha first and sebond||alv^s.of both the translatable and 
untranslatable N gehe ware "^ ntl^tM by reverse transcription and 
theh t=>CR aS describad abbve. As depicted in figure 8. the nucleotide 
0 deiatlbft or insartibha at tha SMerrtllnals of the Untranslatable half N 
^eha fragments ara Indibatad by the dash symbol; AtQ codons are 
uhdariihad ahd an pbSsible tarnilnatlbn codons irhmedlateiy after the 
ihitiatidh cbdon of tha UHtrahSldtable half N g§n6 fragments are Shown 
Iri bold. 
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the fifSt half oMhe N gene was produced by NT-F»CR Using (staS'b)^-^'^') 

tiligoprtmef^ 1 (S*4'AeAQt6diAtcCAtdGrfMGdtAAtccAtAGGCTTGAcf. 

wHIdh Is e6rt1pl§rtiefttafy 16 tH§ bentwl fegieft e! thd tsWV-feL N gene, V 
M II (S'^Aiiaf AA^5Afd6itAAc^GteActAAt3(3AAAaeAttGTr^ 
5 trftftglatabie or HI ■ (sho,j:bMo.9.i) 

(B'^A§etAAt6tAQAAt56AtQGAtGACTCACtAAQ(3AAAGGAtTGTTGCffor 
m Ufltfanslatabid half N ^dhe tradrn§nt, tH^ latter two oiigomer 

ijrifhdfi ara idamiaal td the 6'-te>mmus of tiie W ^ehe. simiiariy. ,the 
gaeehd lialf 6f the N gana was produced by RT-f*cN using oiigorner^^^^^^ ^ % 

10 pHrtiafS ly (6*iAQCAl^(l(3AtCCAtGGTTAACACACtAAGCAAGCAC^hlch ^ 
Is aofhplemamafy ta tha S'-hdhcoding region of the tSWv-BL N^ne. . 
attd V {5'-tAGAQlrt6tA(SAAbCATGGATGArGCAAAGtCTGTGAciGf fof 6ie^^ 

p trahSiatabia of vi ^ 

I J5'-^QAtTC"|;CtAGACGATO 

fy 1 5 ^fof tha untfan olat maSsOfcofly haff N gene fragment, the latter two 
Cm ollgdhier priitiers are idantlcal to the central region of the N gene. The 

' oligomer primer ill contains a frameshlft mutation Immediately after 
hi the translation cddon and aaveral termination codbns to blocl< possible 

trahSlatlbn readthrau^ha while the Cllgomer primer vl contains several 
P 20 ihframe termihatlon Cbddhs immediately after the translation 
ru initlatlari codon. 

the half gena fragmahts were purified on a 1.2% agarose gel as 
described above, afid the gel-isolated gene fragments were digested 
With the restriction eniyrtia Nco\ and directly clonad Into A/col 
25 -digested plant exprasSloh vector pBI525. The reslUtlng plasmids were 
identified and designated as (1) pBI525-1N containing the first half 
translatable N gene, (2) pBt525-1N' containing the first half 
untranslatable N gene, (3) pBI525-iN- containing the first half 
translatable N gene in the antisense orientation, (4) pBI525-2N 
3 0 bontalhing the second half translatable N gene, (5) pBI525-2n' 

containing the secdnd half uhtransiatable M gene, and (6) pBI525-2N- 
cdhtalning the secot^jidlf translatable N gene in the antisense^ 
criahtatioh. the o xp ro oi/tr ^assettes were then axcised from piasmid 
pBIS2S by digestion with /V/ndill/l^coRI and iigated as described above 
3 5 into the plant transtbrrtiatibrt Vector pBINl9 that had been cut with the 
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same eftzytties; the resulting vectors as well as plasmid pBlNl9 were 
transfeffed to A. wmmeidhS strain LBA44d4j usIriQ the procedure 
ae&aflbed by Holster^ su^ra. Leaf discs of N. beiithartiiana were 

inddutgitdd with A. iumM&hS Stfam LBA4464 eohtiUHing the various 

66hstfudts. tfdhsgeHib ^lahts were §eif-pellihat§d 'and seeds were 
seiedtiveiy phfilHatdd ea kdhatriycih §s described above. 

AHaiysis 6f tfirtSddfttd piahts by r'CR and NdHherri hybridization 
PoH was pdffdrmed oh aaah t\o trahsgenic line as described previously, 
the 6li§dttief pm^th I td vi were used to deteritiiHd the presence of the 

0 N cddlfig Sequehbe 6f t^WV-BL the oligomer prlfrt^r 35S-Promoter (see 
Examt^te Vill) ^as 6dfAblned with one of the above oligomer primers to 

cortfirfli the eriehtatlbn (relative to the caMV 35S tsromoter) of the half 
gene set)uences inserted into the plant genome. Northern analysis was 
condueted as described in Example viii. 
5 Lettuee isolate ef tSWV (TSWV-BL) was used to challenge 

transgenic plants, inbculatlon was done using te^t filants at the 3-4 

leaf stage as described above, to avoid the possibility of escapes, 

dentrdl pants were used in each experiment and each Inoculum extract 
was used to first inoculate the transgenic plants followed by control 
0 plants. 

the various constructs used in this aspect of the present 
invehtiort are Illustrated ih figure 8. Translatable and untranslatable 
half N gene i^®^ were synthesized by Rt-PCR and then cloned 
directly Into the plant exprasslon vector pBI525. the oligomer primers 
5 Hi and vi, used for generation of untranslatable half N gene fragments 
by Rt-PCR, cbntalrtS a mutation immediately after the translation 
initlatidrt codort and the resulting reading frame contains several 
termination codons to blotk possible translation readthroughs. Thus, 
both first and Second half untranslatable N gene fragriients should be 
Q Incapable of -pmdSI§3the truncated N protein fragments when 

Jrttrbdueedjntb plants. Beth translatable and untranslatable half N gene 
^ S^ffli^iitr wefe then placed downstream of the caf\^V 35S promoter of 

m vector PBIS25 111 the sense orientation 6r In the antisense ^ ^ 
orientation, the oxproCQln of the half N coding sequences of TSWV-BL 
5 was thus controlled by a double CaMV 35S promoter fused to the 5'- 




untranslated leader Sdc)U§iice of alfalfa mosaic virua (ALMV) of tfie 
expression vedor 03lS^§> ^xpressidH vectors that utilize the stacked 
double ,6aMv 3SS promoter eienients are khbwh to yield higher levels of 
m^l^A t rnsorlptibh tHdH stftlilai- vectors with a siHgie 35S prombter 
5 eieffii^m. ^kpressidii 6d3^6tte§ wefe trarisfefred tfbffi the vector 
pBlSSS to the ^iferf^t^iirtsfflrmatibh the t^^ft^g'^ 

piasmlds as well a§ the bdhtrbl plasmid p3INl9 wei-e then trihsferred 

fiitd A. tum&fdd6h$ strain LBA4404. Transgenic plants were obtainjsd 

with Hdmertdattire el the trahsgehic tines shown in figure §. 
1 0 All the kanamycln-resi^tant transgenic lines Were confirmed by 

PGR t6 tiontaih the prdpef N boding sequences in the expected 
driematiahs. ^ach tfansgeinb Ro line which was grown for seeds was 

Jq then assayed using Nbrthern blot. Six out of Six IN, four out of six 1N'. 

Six but of six 1N-. Six but bf Six 2N, Seven out of eight 2M', and six out 
15 of seven 2N- transgehlc f^t) lines were found to produce half N gene 
^ RNAs. 

[0 A set of transgenic Hq plants was challenged With the 

r hbmbltigous Isolate tSWV-^L. Only asymptomatic plants Were rated 

It. resistant while the piants showing any symptom (locai lesions or 
!y 20 SySteftllb infections) wei'e fatad susceptible. All the ihbculated Rq 
fU conti'bl plants were SU^biptible to the virus; in contrasti twb out of 

't; nine IN', tWb but bf feix 1N^ fbur out of ten 2N', and orte out bf eight 2N- 

Ro llhes were found to be completely resistant to the Virus Infection. 
Although none bf the IN and 2N Rq lines showed high levels of 
15 resistance, some bf thbSe plants displayed significant delays of 
symptbm appearence. 

Another Set bf transgenic Rq lines Was brought to maturity for 
seed production. Seedlings were germinated on kanamycin-containing 
medium and Inoculated With tSWV-BL. As shown in the following table, 
3 0 cbhtfbl seedlings and SeedlihgS frbm some of the transgenic lines were 

susaeptibie tb the isbiate ^hereas seedlings from lines iN-isi, IN*- 

123i and 2N*-134 SHbwed -^aribjs-levels ol protection i ranging from 
delays in symptom expres&ibn to cbfHpete resistance. 
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Nrt tirt^ 


No.^.bldhts InfAftted/No; blants Inocnlatpri 


6bPl 


isbPi 


3dDPl 


\./vlllll Ul 


50/Sb 






1 IN- 1 4y 


1 f f 1 f 








2/20 


13/20 


17/20 




1 D/CU 

i&/1§ 


1 / idv 


1 7/ZO 




12/15 


15/15 






18/1S 


19/19 






20/20 




1 


2N''134 
2N'*135 


0/20 
19/1^ 


10/20 


10/20 


2N"-^142 


20/20 






2N^-143 


20/20 







15 

In m above table. 30-fold diluted extracts of Infected N. benthamlana were 
used to Inoculate trdnSgenie plants at the 3-4 leaf Stage followed by control 
transgenic plants. DPI a days post inoculation. 

Ifi suffltnaly, this aspect of the present invention shows that 

20 tr&ftsgehic plants expregglng the first or the second half of either 

trailgiatable ot uhtrahgidtdble N gene fragment are tilghly resistant to 

^^^J^'^oloSOUS t^WV-8L isolate. This result demonstrates that a 

^JMtf^of the U gene is sufficient for resistance to the virus. 

A listing of all hUclebtide and amino acid sequences described in 

25 the fofegolhg descriptloh of the present invention Is as follows: 

SEQUENCE USTING 

(1) dENERAiNJNFORMATION: 

(1) APp\lCANT: behnis Gonsaives and Sheng-Zhi Pang 
(ii) TiTLEXDF INVENTION: Tomato Spotted Wilt Virus 
3 0 (iii) NUMBERvOP SEQUENCES: 30 

(2) INPdRf^ATION Port SEQ lb N0:1: 

f^U (I) SEQUENCE pHArtACTERISTICS: 

(A)LENqTM: 25 base' pairs 

. (B) TYPfe: \ nucleic acid 

3 5 (C)SimNbibf^ESS: single 

(D)TOPaLOGI\\ linear 

(ii)f^OLECUL^ tYPfe \ DNA 

(xi) SEQUENCE bESCrtlPTION: SEQ ID N0:1 : 
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(2) iNPdRktiON pm §id lb ko± 

(I) SBQUENd^ dHAfUcffeRlStlCS: 

\ (A) LlNSfM: 25 bas6 pairs 
\(B)1VI*i: nucleic dcid 

(C) StHAKlbgDMESS: single 

OOMoL&iULgWfe: DMA 
(xi) SEQUENGfe d^SCrtlPtiON: SEQ ID N02: 
GCm^TKitG OGAGliTTGC CTGCT 25 
(^) INF^Ot=tMAtlONVdft ^^ti Id N0:3: 

(D ^EQUENCf OHAFtACTERISTICS: 

(A) L^MdltH: 32 base pairs 

(B) tVRE: iiucleic acid 

(C) SimNDEDNESS: single 

(D) T(mOGIY: linear 

(10 MOLECULE WE: DMA 
(xi) SEdUENGE DpgCRIPTiON: SEQ ID N0:3: . 

GGmAGCTC ACEAAQGAAA GC 32 
(2) INFORMATION f=OR S^Q ID N0:4: 

(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: \ 32 base pairs 

(B) WE: \ nucleic acid 

(C) SimNDEDNESS: single 

(D) tOi^(DGY:\ linear 

(il) MOLECULE WE: \ DNA 
(xi) SEQUENCE bESCRIFTlON: SEQ ID N0:4: . 

AGCftitaAT GGmSpOV CIAAGCAAQC AC 32 
(2) INt^ORMAfioN FdR §feQ ID No\ 

(1) SEQUENCE CHAftACTERI^ 

(A) LENGTH: 22^65 base pairs 

(B) TYPE: nudeic acid 

(C) StrtANDfeDNESS: \ single 

(D) tdPC)Ld(3Y: llnea\ 

(lOMdLECULfetVPE: DNA 
(xi) SEdUENGE DESCRiPTION: SEd\ID N0:5: 
GAAt^ITGAAA GCAAcAACAG AACTGrAAAT TCTCITGCAG TGAAATCICT 
GGTCATGTCA GCAGAAAACA AGATCATX3CC TAAOTCTCAA GCTTOCACTC 
A3lfcr[CA3Tr CAAGCTGAQC CTCTQGCTAA O^STPCCAAA GGnTTCAAG 
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15 



2b 



15 



30 



tlDCAGAAMT? (^nxAAGGIT GCAQGAGATG AAAGAAACAA 

Ti!ft!rGj£M§ (SS^tedote AaadcAO^ Mtgitgaga 

GftSMra? M^t*ft3GAAGC M?C^«9C?rOCC Ma^rCGCAAA 

dffliS^M? AStAAiGte Tnrc^GMT M«3Gagqc 
sMiijeAdGi di*itaAiADOG caaaggAtcxs GSteMrcc 

KAftil^tftdftCA IfflSiGGftCA MiTGTtfe McMCTiG 
GACnTG^ jAdCITGAGC TRACTOCTGG 
AA^«MftGA* AggMJA (StoTTGAA mcAGTGAA GATGOCTACA 
AMiAAli^ T*fCl^^ AAAACACTTG AATGItiriOC Mfc^DACACA 

C^OZAlCCAA ATCCCITCAT QQAA.GAIAGA. 
AAMTTTCiCC ACAATCTATT TCAGTTGCAA 
Maffiter AAAQCi?I?d^^ TiMOOGGGA. TCAAAAAGAA AGAATCTAAG 



GilMfSSAAG C0i3m3ct?rc 



CiWl'HtjfCA, ixjix/iilUAA 

AA^^£^^AAAAd McaAAAAaT 
GG(3^C3dAA!n? iX3GCGAAAtfT ^GGGTiTr^ 



TAATCrrOCT TTGTOCAGCT 

CiTEACrrAT Metatitct 
TCIAGTAGAA AC3CA3AAAAA. 
TAAAAIAAAA TCAAAAAATG 
AAAAOCAAAA AGAC0CX3AAA 



•jpil^clMllTt r£An*nMT ttTAnriAT 
Ail'^lAifi'iA 'n"i'Mt>*M' tenuiTiT 

Mei^GAACAC AGAGAAAQCA AACTTEAATr AA^ 
tA^(g^«3iOA AQCAAGG^CA AOCAAIAAAG 
Ii?njd3^A3T liMCTEACAG 
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TiTiAl'mT 
TTATTTATIA 
lOT ATTTAAAATT 
CITIATAIAT 

G(3\AGrrcrG 

CGAGi^iTGC CiXjCil ' nTA . AOCCOGAACA TTTCAIA^ CTTGITAAGA 
GrtTGACJrGT AMXSTTdcAa? AQCAACACTC CCTn3V3CAk TAGGATTGCT 
GGAQdidAAGT MAQd\QCAT ACJTCTrrOCC CTiLTiCACC TGATCTTCAT 
TCAiiTCAAA TOdnteTT l!TCAGCACAG TGCAAACITT TtSCTAAGQCT 

togMgtgt Q^crrcrr *rQGGTCGATC cogaqgtoct 

ATCGTCATAT AlAGOCAAS^ CAACACTGAT CATCTCAAAG dATSAACTG 
AA£3dAAi£AAG AOGTAAQCiA CicnXXCAQCA TEATQGCAAG TCTCACAGAC 
llTIGd/^ateAa? GG^GACSdM toAmSQCT TGAATCAAAG 
AA^St^tAGAif TiteAaMfEAO? lte2V:SflTCrC AGAATTCOCA 
CAAGd^TGAC CGiXS^iixAAd diATCAAQCX: TTCTGAAGGT CATGICA( 
CXfrGGAATCd TX^ICTGAAGI? roCTTTATG GTAAnTIAC CAAAAGTAAa' 
MCGCteGG TTAAIAACCr iXZATTATQCT CIGACGATTC TTTAQGAATG 



200 
250 
300 
350 
400 
450 
500 
550, 
600 
650 
700 
750 
800 
850 
900 
1000 
1050 
1100 
1150 
1200 
1250 
1300 
1350 
1400 
1450 
1500 
1550 
1600 
1650 
1700 
1750 
;.800 
1850 
1900 
L950 





MEAAdQCite MrjlTCTTGA. TCTOGTCGAT GTTTTCCAGA 
•MAMM (f^QCiAOCAG^ ITCTGMOT CCTCAAACTC 

CS^JXSi^SMd dSMAteiG TIMj^!3Ci^ GAOOCJEMXar 

lCl'12Mafip M.yM.'iUlifM AoAijlxs^jai^ TiMa?l!^ aAcacaaaat 

(2) iNmftMAtldN I^H §fed lb M0:6: 

(I) SeQUBNC^GHAftACtERlStlCS: 

(A)\ENt3tM: 1709 base pairs' 

(B) tV<*E: nucleic acid 

(C) StnAMbEDNESS: single 
itO^OGY: linear 

(li) Molecule tVpfe: dna 

(xl) SEQUENCE bE^CRIPTION: SEQ ID N0:6: 
AAMTCTCTT QCAGTG^AM: 

TQocB^Acrc raterftrr 

CTG^QCCTCT GGCrAJ^GGCT 
GAAAiTGrrC AAQGITQCAG 
CEi^iTCCXTG GATTCCAAAC CATAA.( 
MryiTAllT GC3\AQGAnX3V 

ixsAASiATCA MxaATcMrr ctgmtiaaa 



2000 
2050 
2100 
2150 
2200 
2250 



iT GTEAQCaGAA AACAACATCA. 
CmCTGATTC TAAirrCAAG 
TTS^AGCaGA ITTCCATTCA 
AAAIAAAACA TTTTArTEAT 
TTGAS^CAGC TTTAAACAIT 
.CGEAAATGTA AAACTOCTIT 
lC AACATIMTrC 



AGAiumiG CAO^ACrrrcr itgcaacaac 
cikckxjriG AacaAiOcatc Agcimctcc 
-AAAiAActl?r gaai*eAcAM* gAAga.cqcx:t acaaaag 



TGAAACrCAC 
ATCTGATCAT 
GMrrEAGGTG 
vAlAriTCCTT 



tgaaaaacag TTCAArcrcr tccatccac atacaaacia 

AdACAGCATC CAAATOOCl?r CCTQGAAGAT AGACnTQCC A( 
TiAAAATrrC TCCACAATCT ATTTCAGrrG CAAAATCTIT 
GAi^*mAl3CG QGA3*i3AAAA GAAAGAATCT AAGATTAAGG AAQCMXTGC 

ttcAqgatca AAATGAaxn:^ gctgtgtoca gotittcea 
taii'iMTric iTiL'i'i'iAGr tataatiast titctgittg 
cAAAittxxnx: CnxSxajMJEA gaaaocAiaa aaacaaaaat 

TAAAATCAAA AlAAAAlAAA AA5X3\AAAaA TGAAAIAAAA GCAACAAAAA 
AAIMAAAAA CAaAAAACCA AAAAAGAICC CGAAAGGACA AriTTGGCCA 
AATttXaQOGT TTCTTlTTGr Ti'iTi'bTm' 'imTiTi'iT GmrmTIT 



50 
100 
150 
200 
250 
300 
350 
400 
450 
500 
550 
600 
650 
700 
750 
800 
850 
900 
^950 
lk)0 
105 
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20 



25 



30 
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NTiM'i'il'JLAO? 'm'jml'i*iT m^ttaittt MrrEvrGfrr TiTCTKjriT iioo 

tei^^Ti' yi'lMi'lMT MGCACARCA CftCAGAAteA AACm?^ 
iM^iiSEACl? TS^jffiEAAftAa? !i?iMcACACT AAGGAAGCACA AACAAIAAA. 1200 
(S^aiMAl^^iAfiL G(ji'i''iA!!MA !SnJM3^yi3i^ iTilVlAlAAT TT^AcTEACA 1250 

GcM^^&i k3&i>^^il^ (^xsACTtiTG (XTGrMfr MooccAjy^r laoo 
fitSroffSS^ &Mr&>£iG 1!k3CkPiikn: isso 

^raG^jM^G^TiM (So^iSGiAAG itoQcte^ Mcrcn^^ i400 

dCa^fflSAC CTdMDC*i*M ffiAmCAA MGCrrntT TTECAQCACA 1450 
(SJ3G?AftCtfi? ^terftftto texnXSGTG TCATACrrCT TTGOGTOGAT 1500 
CXXMS^^ 1±H3^ttG cModrGAIA TPmSCd^ Aq^ACACTGA 1550 
fCAit^t^fc^ GCHM^Adf GAAiSCAAIAA GAGGTAAGCT ACCTCOCAGC 1600 
MfftroQcAA GOGKsAs^ dlTTCCMCA TCAAGAGGEA ATOCAIAGQC 1650 
ra^KEGAAA GGCTQQG^flS CAMtTmGA TTrGAmGTA TTGAGATTCT 1700 
CAGAMfeC 1709 \ 
(2) iNPOf=^MATION FOrt SEQID N0:7: 

(I) SEdU^Klce 5HARACt;feRISTlCS: 

(A) LEN^fH: \260 fimino acids 

(B) 'rYPE: \&ffilho acid 

(C) StttANbEbMESS:\ single 

(D) t0P6LCX3y: IlitGar 

(II) MOLECULE tVPE: peptide 

(id) SEQUENCE DE§C5RlPtlON: SEQ ID N0:7: 

Gin Val Glu Ser Ash Asn Arg Ihr Va^Asn Ser Leu Ala Val Lys 

5 \l0 15 

Ser Lfeti Leu Met Ser Ala Glu Asn Asn lie bfet Pro Asn Ser Gin 

20 2^ 30 

Ala Ser Thr Asp Ser His Phe Lys Leu SerXleu Trp Leu Arg Val 

35 40 \ 45 

Pro Lys Val Leu Lys Gin Val Ser He Gin Lys Leu Phe Lys Val 

50 55 \ 60 

Ala Gly Asp Glu Thr Asn Lys Thr Phe Tyr Leu^er He Ala Cys 

65 . 70 \ 75 

He Pro Asn His Asn Ser Val Glu Hir Ala Leu Asta He Ihr Val 

80 -85 \ 90 

He ey3 Lys His Glh Leu Pro He 7^ Lys Cys Lys Ma Pro Phe 

95 100 \ 105 

Glu L6U Ser t4et M^t Ph^ Ser Asp Leu Lys Glu Pro Tyfi Asn lie 
110 115 \ 120 

Val His Asp Pro Ser Tyr Pro Lys Gly Ser Val Pro Met Leu Trp 
125 130 \ 135 
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Giil Thr His Thr Set Leu His Lys Phe Phe Ala Thr Asn Leu 
140 145 . 150 

Glu Asp Val ll§ 116 Tyr Thr Leu Asn Asn Le\l Glu Leu Thr 
1S5 160 165 

Pfb Lys tiSU Asp tMi Gly Glu Ar^ liii: IfiU Asn tyr Ser Glu 
170 175 • 180 

A:^ Al^Tyr Lys Asp Tyr Phe Leu Set Lyis Thr Leu Glu Cys 
h \ 185 190 195 

Leu Pto Sk: Ash liir Gift Thr tfet Ser Tyr ii^U Asp Ser He Gin 
200 205 210 

life PiiO Sfer to Lys il6 Asp Phe Ala Arg Gly Glu He lys He ' 
215 220. . 225 

Ser Pro Gin Ser^le Ser Val Ala Lys Ser Leu Leu Lys Leu Asp 

iO . 235 240 

1 5 Leii Ser Gly He Ly^ Lys Lys Glu Ser Lys Val Lys Glu Ala Tyr 

245\ 250 255 

Ala Ser Gly Ser Lys 
260 

(2) INFORMAtlbN POfl Sfetjb N0:8: 

1 0 (0 SfeQUEMCE CHAttACtERISTICS: 

(A) LENGtH: \b58 base pairs 

(B) 1Yf>£: \uclelc acid 

(C) S-mANbfeDNESS:\ 6ihgld 

(D) tOPDLdGy: lin^r 

25 (II) MOLECULE tVPE: DNA 

(jd) SEQUENCE DegCRIPTION: SEb ID N0:8: 

llAACACAGT AAGCAAGCAC AAACAAIAAA gAaAAGARA GCTTTAIAIA 50 

T*I?£AiAGQCT T^TTIAIAAT tTAACTmCA GCTOCTTTTA AQGAAGTrCT 100 

GIXSAGrrrrG O CiUiTil ' lT AACOCCAAAC ATITCMAGA ACrrGTIAAG 150 

3 0 GGMGACTG TAATcbrcA "mGCAmCT T0CnTA!a3V TTAQGATTGC 200 

TGQAQCtAAG TMAGCAGCA TAGTCITrcC CCTTCTTC^ CTGATCITCA 250 

TTGAITTCAA ATGCTTITCT TTTCAGCACA GTGCAAACTTVrrOCTAAGQC 300 



TTCCCrOGrG TCAIACTTCr TTGQGICGAT CCXX3AGATCC 

aoxxnxsAiA taiagcxs^ acaacactga tcatctcaaa 

3 5 GAAGGAATAA GAQGiAAGCl' ACCTOCCAQC AmTGGCAA 
TCAAQAGGTA ATCXaiAGGC TTGACTCAAA 
TTTGMAcjiA TTGRGATrCT CAQ^KnxrC 
ACAAQCCIGA dCCTGMtAA GCTRTCAAGC CTTCTGAAGG 
GQGTOCAATC dTGrdlGAAG I'mtTi'iAT GGIAArnTA 
40 AArCGCTITG GilAAEAADC TTCATIATGC TCTGACX3ATT 



\GT 



350 
400 
450 
500 
^550 
600 
650 
700 
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^GjmskciaG AA^oMfeGi? dmzTrrrTG atctqgtgaa ggttttccag 

VGiyAAAGrC f&MjSMk AaxSdMCRG ATICTJGMtjr TCCECPM^ 

QdcMGiig i^>£Mk3cPA oaixscAtc gMgtgaqc 

858 

(2) IN^RMAtl^N f=Qf^ ^id lb NO.-g: 

(IK^idUlNagGMAftAbltftlStlCS: : 
(A)LlN^fH: 202d bdse r>^tf§ 
(e)tVPl: hucleic add 

.(6)6tftANt3febNESS: Slngl§ 
IWeia^Y: linear 

{ll)MOLEkjLitY»*E: DNA ' , 

(Jd) S^QUe^^ beS(irtlPTION: SEQ ID Nb:9: 

AAMtert? (^Ckm^ii^ C^nxijPCAT GTEAQCTVGAA AACaACATCA 

ixSWAcfc iG?^AGCTrt* Gix:AAAQcrr cmcrGATTC taatttcaag 

ClX3Ai3ddK?r GQCiAAod^ TOGAAAGGTT TKAAGCAGA iTTOGATTCA 
(aAM?tt?rrC iAGGnXSCA^ AAAIAAAACA TiTIAlTlAT 

ACTGl?fATrr GCAAQGATCA 

AGfta?drmx3 cAcAksiTCT 

ClAGACXTiXa AAC3to:ATG AGCTAA( 

TCAAAAACAC 1n)GAArcfI^ TtXMCERAC 
AGRGAGCATG CAAMtXXTr CXnXaGAAGRT 

TiAAAArrTc ixxiAcAAaur AtrrcRGrrG 

GATrtAAGCXS GGATIAAAaA GS?^GAAICT 
TTCAQGAKA AAATCRTCTT GCTGTSrOCA 



750 
800 
850 



TTGAGACAGC iTEAAACAlT 
aSTAAATGIA AAACTCCTIT 

QGAGoern^ AAcAnArrc 

jmSCTCTQCT TGAAACTCAC 
C TTGCAAGAAG AnSTGATCAT 
TQCaAAGrm GATTmOGrG 
iCAAAAGGAA AWTiXXTT 
CA^^ACIA TGTCTrMTT 
OTTQCC AQQGGAGAAA 
GTEAAATCrr 
AAGCATATGC 
ATmTGTmT 
TCAlTiUm' 



GTTEATTITG 'iTiUil'iACT iMS^ATIMT 
CAAAITOCTC CnXSTCEAGlA GAAAOCAIAA AAACAAAAAT 
TAAAAfcAAA AIAAAAiAAA AATCAAAAAA TGAAAIAAAA 

AASPIMaaaA o^aaAAacxa aaaAagmcc ogaaaggaca a 

AAI*i*K3QGGT iTCTtftlXST lllTiUiTiT TTIGmtTT 
I'iMllTJLAT TttTAn*nT AlTi'lMTiT ArnTATCTT 
TiuriAlTiT GITArflArT AAQCACAACA CACAGAAAGC AAACrr 
TAAACACACr TAriTAAAAT TTAACACACT AAGCAAGCAC AAACAA' 



.CAAAAA 
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GGTITAJEAIA liTAIAGGCT l^TTmiAAT 
AdCAAiift?K*t GTDG^TiTiG (XHWi'lTm' 
MnMMG GcMTCACTG TS^MlGrTOCA. 

lltL^JMGQd I'ftjdc^raGiG "Ki&Piir^ 

,b C5C!)§@l;^^4ip(3 iHMlfflHXa GJ^TCdrGft33^ TAIAiajcAAG 

oMiliMci!? g^AgcMd\a GAGGIJVAQCT 

1 0 IrtX^^^CSDGA?^ (SQCJTQQGAAJS GaATCTEASV TTTGAiAGm 

Agaaqcctsa coctgatcaa 
6dctc3caatc ctotctgaag 
maxxsctitg cttaaiaacc 

AcAaAaagtc TIGAAGTTGA 

caaggtcitt gccitc^^ 

lliAAOCAT 2028 

(2) IMI^^ftMAtldN PdlisEd ID NO:iO: 

(I) siaU^Nei eWARACTERlSTieS: 
20 (A)LEN6-m: 22 base pairs 

(B) tyj^fe \ nucleic acid 

(C) STttANDEpNESS: single 

(D) TC)PdLOC3^ linear 

(il) MOLECULE tYPE:\ DNA 

2 5 (kl) SfeQUENCe DESCRIPTION: SEQ ID NO:10: 

iTCn3GTCTT Cnx3^AM:TyCA 22 

(2) INFORMATION FOR SEQ lb N0:11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: \l 8 base pairs 
•3 0 (B)TYf»i: \uclelc acid 

(C) STRANDEDNESS:\ single 

(D) tC)PdLOQY: llrt^ar 

(iO MbLfeCULfelVPfe: 

(US) SEQUENCE DESCRIPTION: SEQ ID N0:1 1 : 
^5 CfelAGOGAT GAQCAAAG 

(2) INFORMATION FOR SEQ ID N0:12: 

(i) SEQUENCE CHARACTERISTICS:^ 
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ttAacteaca 

AkiCCCAAAC 
ijySCAAIACT 

IrrcteACA 



Ad^ACACTGA 
ADCTOCCAGC 
MtCA33V9QC 
f^GATTCT 
QCTAICAAQC 
llTiUiTiM: 
TTCATEATCC 
CMXnTriTG 

ArccriACCAG 
Aacaaagcaa 
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(A)LfeMQtH: 467 amino acids 

\ (B) TYPe: arHlho add 

\ (0)StftANt3ibNESS: 

\ (xi)SeC5UeNeibi§6ftll^6N:SfeQIDNO:1^^ ' 
Met Sfel: Set Qly Val !tyi: Glti Ser He He Glh iSir Lys Ma Ser 

\ ^ 10 15 

Val TipNGly Set Thr Ala Ser Gly Lys Ser He Val Asp Ser Tyr , 
\ 20 25 30 ' 

Trp lie Tyr Glu Phe Pto Thr Gly Ser Pro Leu .Val Gin Thr Gin 
\ 35 40 V 45 

Leu Tyr Ser^k;^ Ser Arg Ser Lys Ser Ser Phe Gly Ty^^ Uir Ser 
\ 50 55 60 

Lys lie Gly A^ He Pro Ma Val Glu Glu Glu He Leu Ser Gin 
\ 65 70 75 

Ash Vai His lie B±o Val Phe Asp Asp He Asp Phe Ser He Asn 

80 85 90 

He A§h Asp Ser Phe^ Leu Ma He Ser Val Cys Ser Asn Thr Val 

95 \ 100 105 

Asn Ulr Asn Gly Val l)^ His Gin Gly His Leu Lys Val Leu Ser 

liO \ 115 120 

Leu Ma Gin Leu His ProNphe Glu Pro Val tfet Ser Arg Ser Glu 

125 \ 130 135 

He Ma Ser Arg Phe Arg Leu, Gin Glu Glu Asp He He Pro Asp 

140 \ 145 150 

Asp Lys Tyr He Set Ma Ma Asn Lys Gly Ser Leu Ser Cys Val 

155 \ 160 165 

Lys Glti His l!hr Tyt Lys Val GluNMet Ser His Asn Gin Ma Leu 

170 \ 175 180 

Giy Lys Val Asn Val Leu Ser Pro Ash Arg Asn Val His Glu Trp 

185 \90 195 

Leu Tyr Ser Phe Lys Pto Asn Glu Asn GSn He Glu Ser Asn Asn 

200 205. 210 

Arg Tht Val Asn Set Lfeu Ma Val Lys SerYeu Leu Met Ma Thr 

213 220 \ 225 

Glu Asn Asn He Mst Pro Asn Ser Gin Ma Ph\val Lys Ma Ser 

230 '235 \ 240 

•nir Asp Ser His Phe Lys Leu Ser Leu Gin Lsu Aba He Pro Lys 

245 250 \ 255 

Val ii&u Lys Gin lie Ma lie Gin Lys Leu Phe Lys Khe Ma Gly 

260 265 \ 270 

Asp Glu Thr Gly Lys Ser Phe Tyr Leu Ser He Ma Cys\Ile Pro 

275 280 \ 285 

65 \ 



5 



3 S 3 

LiJ 



20 



30 



Ash His Asn Sfer Val Glii Thr Ala Leu Asn Val Thr Val He Cys 
290 295 300 

His Glii Leu Pro Il6 Pro Lys Ser Lys Ala Pro Phe Glu Leu 
305 310 315 

Ser ^fc llQ Phe Ser A§p Leu Lys Glu Pro Tyt Ash Thr Val His 
320 325 330 

Aspj SSf iVr Giii Arg He Val HiS Ma iifeu Leu Glu Thr 

340 345 
His ihi: S^t Phfe AlA Glh Val Leu Cys Asn Lys Leil Gin Glu Asp 
350 355 360 

Val il6 Ili^Tyr Thr He Asn Ser Pro Glu Leu Thr Pro Ala Lys 
365 370 . 375 

Leu ASp Leu G\y Glu Arg Thr Leu Asn Tyr Ser Glu Asp Ala Ser 
380 385 390 

1 5 Lys Lys Lys Tyr\|>h^ Leu Ser Lys Thr Leu Glu Cys Leu Pro Val 

5 400 405 

Asn Val Glh Thr Ser Tyr Leu Asp Ser He Gin He Pro Ser 
410y 415 420 

Trp Lys He Asp Phe Via Arg Gly Glu He Arg He Ser Pro Gin 
425 \ 430 435 

/ Ser Thr Pro He Ala Ar^ Ser Leu Leu Lys Leu Asp Leu Ser Lys 

440 \ 445 450 

life Lys Glu Lys Lys Ser Leu Thr Trp Glu Thr Ser Ser Tyr Asp 
455 \ 460 465 

25 Leu Glu; 

(2) iNF^ORMATldN FOR SEQ ID N0>13: 

(1) SEQUENCE CHAftACTERI^CS: 

(A) LENGtH: 258\mlno acids 

(B) TYPE: amintfvacid 

(C) STFIANDEDNESS: l{pg\e 

(D) tOfi6LCK3Y: linear 

(ii) MOLECULE tVPE: peptide 
(xl) SEQUENCE DESCRif^lON: SEQ ID N)S):13: 
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Met 


Set Lys Val Lys Leu Thr 


Lys 


Glu Asn 


iSLe Val Ser Leu 


Leu 




5 




10 




15 


Thr 


Gin Ser Ala Asp Val Glu 


Phe 


Giu Glu 


AspNGln Asn Gin 


Val 




20 




-25 




30 


Ala 


Phe Ash Phe Lys Tlir Phe 


cys 


Gin Glu 


Asn Leu Asp Leu 


He 




35 




40 




45 


Lys 


Lys bfet Ser He Thr Ser 


Cys 


Leu Thr 


Phe Leu Ws Asn 


Arg 




50 




55 




60 


Glri 


Gly He ^4st Lys Val Val 


Asn 


Gin Ser 


Asp Phe ThA Phe 


Gly 
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75 
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Lyg Vai Thr ile iys LyS Asn Ser Glu Arg Val Gly Ala Lys Asp 

80 ■ 85 90 

idtt Phe Arg Alfg ligU Asp Ser tfet lie Arg Val Lys Leu lie 
^ \ S5 100 105 

5 GiuN^U iiir Ala Ash A§ri Glu Asn Leu Ala lie Ile Lys Ala Lys 

lid 115 • 120 

ile Alh S6r Mis Plto im Vai Glii Ala Tyr Gly Leu Pro Leu Ala 
12$ 130 135 

A%> Ai^ EyS Ser Val Atg Leu Ala Ile Met Leu Gly Gly Ser lie 

140 145 150 , 

Prd im ile\Ala Sei: Val Asp Ser Phe Glu ^tet Ile Ser Val Val 
155 160 . 165 

Ala Ile Tvt Gin As^j Ala Lys Tyr Lys Glu L§u Gly Ile Glu 
. XlO ' 175 180 

1 5 Pro Ihl: Lys Tyr A|h llir Ly6 Glu Ala Leu Gly Lys Val cys Thr 

185 190 195 

Val Lfeu Lys Ser Lys\Gly Phe Thr Met Asp Asp Ala Gin Ile Asn 
200 \ 205 210 

Ly3 Gly Lys Glu Tyr Ala Lys Ile Leu Ser Ser Cys Asn Pro Asn 
20 215 \ 220 . 225 

Ala lys Gly Ser ile Ala bfet Asp Tyr Tyr Ser Asp Asn Leu Asp 
230 \ 235 240 

Lys Phe Tyr GlU ^fet Phe GlyvVal Lys Lys Glu Ala Lys Ile Ala 



245 \ 250 

15 GiyValAla 

. (2) iNf^OFtMATiON Pdt\ SEQ ID N0:14 

(t) SfeQUfeNGE CHAftACTERISTid 

(A) LENGTH: 3049 bXse pairs 

(6) TYPE: hucleic 
3 0 (C) STRANDEbNESS: slnOle 

(D)TOPOLdQY: linear 

(ii) MOLECULE TYPE: DAN 

(Ki) SEQUENCE DESCRIPTION: SEQ ID NO 

AG?«3CAArrG GGKATTrrf TATrCIAAAT CGAACCTCAA 

3 5 TGAGAACTGT aaiaaqcacA Agagcacaag aqccacAatg 

TTlftnteAATC GAiXAlTCAQ ACAAAGGCrr CAGTITGGGG 
TtTOGfiiAAGT OATOGiGGA iTferEACTGG ATTTATGAGT 
tItJitCACTtS GteAAACTG AGrrGTACTC TGATTOGAGG 
GGi*K3&GCiA CACTiCAAAA ArrOGTGAIA TDCCTQCrGT AGAQG?^i 

4 0 ATITfiATCTC AGAAOOTTCA TATCOCAGTG TTTGATGAIA 

CA3X3ATATC AAKaAITCTT fcTTQGCAAT TTCTGnTCT TOCAACACAG 



255 



lGGTG 
lQCA 



50 
100 
150 
200 

lGTA 250 
300 
350 
400 
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JMAGRdciA ix3GA£>rG^ gAtcAgggtc MCTEAAAGT TCrrrCTCTT 
AitXXffioi^ ACC^GTGATG i«3CAQGTCAG AGATIQCTAG 
C^fOG^ySG^ MtsAr^^rAAT IXXTTG^I^GAC AAAIAIAI?\T 
GAAQdSA9?Cjf ^?cM^CG?rG TC^A?«MA tRCTitoAA 

d§:iAGAAffdft. §lG?rScftdQC M^uIds^Atg temcrcc 
iSf'rcMJQ?^ (^(3cri?iSi!M3^ mxiaMocA^ AitencAACc 
oMiAAii^Q^^ Ai3itei!A?ArT crcrtGCAiST caamcittg 

O^fiATGOCT AACTCTGAftG Ci'iTiUniAA 

AoeMi^Gi? ^^tef^Aifti? fi^i^snm^ (xnTX3GCTG Agaattocaa 

QC?^ifi^ f>^CM3^ lCTT(3\7ffi' TQCAGGAGAC 
dftAASC^QSEA MAGWaClA *nX3TCTArr QCATQCATCC CAAATCACAA 
dAdt<§&lGftA AdAOdiTI^ ASXatoCTGT TMSVTGTAGA d^TCAGCITC 

CtrnTTGAAT TATCAATSVr TTTCTOCGAT 



ACAAdteA AGAAGMX3TG 

im^GftOcjiA Mtogatct AG 

^iMMtlTSCA GACTATGrCT 

TuMiaCrcA Ac 



^CrrC CTTTGCACM GTTCTCTQCA 
CIMAAACAG COCTGAACTA 
AOCTIGAACT ACAGTGAAGA 
AACACTCGAA TGCTDGCXS^G 
GCATOCAGAT TOCTTCATGG 
ATCTOCCCTC AATCTACTCC 
GAGCAAGATC AAGGAAAAGA 



lTCTAGAAEA AAAGTGGCTC 

TCcnr atgttgtita 

GIATQCTAIA 

Aaaaaiataa 

lACTCTGTrT 



AGIGCJftlGAG TTGGGAAAgA iXXAQClATG 

AnAiinACTCT aAgtAgtMt fecAAcrrG 

■n'iOM'jM AKTEAAAGTA AGTEAGATrC 

(3GA!i*ii^a?rAc aaaaaaiAga AAAAAATACA 

AAAAOGCAAA AAGAKXTAA AAGGGA^ 

lAGGC^^lATC TAAQCTQCrt' l*n?rrrGAGC AAAATAACAT TGrAACATGC 
AATAACri)GGA ATTIAAAGTC CEAAAAGAAG TTTCAAAG^ CAGCTEAQCC 

AAAMlxsGfrr TircrrftTG ll'mmTr TmmTiVmTiTiArr 
'n'MiTi-m ylTiAiTiiT totmiji ' i ' ATmrATrr 

'rilkfi'I'lAiT I'lMl^iATAii* iOATATCAAA C30\A!rCCAC 

ttMltftcAA AGAric!£Acr GArmACAC Acitagcctg act^jmcac 

ACJfiMGACG G^iAGilAGG C^i^TAACACA CTGAACTGAA 

crrp^&irm. TocATCTXjTT AAitaacaca ctttaataat A' 

GRATCAGCCT TAAAGAAGCT fTTATGCAAC AOCAGCAATC 
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\lx^rt3^AGrcG AAAcAi^iTiiA tAGAArrrsr caagaitatc actgis^tag 

TQC?1MGM? A(^CMTGQGA IfljQCAAGA^C IiAAGTMCTT 
AAggMsAiS G^AAqqgtog GAQOdMrr TrcCTrTGAT 

MiMS^AG^^^McM^^ tttacAGTcrc 'ftcTATGte ficMjicrm 
IxMSGiAarc MKx^SdcTC AAagtcmm* cxiTAGcitx: 'AiomTCA 
Qi>^ii^^!^!icr a?fMdSt?G^ t^lrtocAAAA gijaaAtcac TiTGGrrcAC 
AAfiif*d?flA Miacxfe^ (3?ot(5tcm gaaagk^Aa cktgaactga 
lAGKAltrr ciTAAjxaGG ^tAAGAIiTrr cxtgacagaa agtcteaaag 

1T(MqCGA OS£GGf&3 CfiO n fi'il A AACTCAAGAT CTGCAGATTG 
AgMAAAG?^ GAGAGAATGTNi'f^^ GAGCTTGACC TmGACATGG 
GftaxnS^GACC riTCrOGAGA GAIAAGA37rC AAGGTGAGAA 
IXSlAS^dCGG tSCTGGrrDO TATCCTGITA AlGTGATGAT 

tt&^P^iXjCi gAgtAitIAgg ttrrrnsAto aaattgacac aattgctct 
(^) iNi^^FiMAIioN fefeci id m^s: 

(0 SEQUENCE dHAttACtERi^TiCS: 

(A) LENGTH: m base pairs 

(B) Tyf'E: Mucteic acid 

(C) StttANDEdNESS: \slhgle 

(D) TCmc)C3Y: linear 

(11) MOLECULE 1YPE: DMA 
(xl) SiaUENGE bEgCftlPtlON: SEQ |[>sN0:i6: 
ATG CAA CAC CAG CAA TCT TOG CCT CTT TCn\TAA CTC CAA 
ACA iTT CAT AS^ ATT TGT CAA GAT TAT CAC TGT AAT AGT 
CCAtAGCAATGCffiCXTTAGCAT TGG GAT TQ^AAG AAC 
™GIATGTTGGCA*A3$CTrTO TTAVrT GTG 

O^TCATOCAiTGlMAaCCITT^ 
AAA (yjr TCG OGA GAG C^f OCT TAG TGT TGT ACT TAG 
Gff GAA TGC CTA AdT OCT TGT ACT TIG CAT CTT GAT 
TOG GAA GAA CAC ITGA TCA TCT CGA AGC TGT CAA 
AAG GAA TGA GAG (33k TAC .iAC CTC CAA GCA TIA TAG CAA 
GTC TGA CAG AlT iTG CAT CFG CCA GAG GCA GOC OGT AAG 
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5^ dG^ OCA. AAG QSi? GOG AQG CAA. TTT TTG CTT TGA TAA 429 

!md ^AA GAT Ttjr GAii? itef ^ttg g^g tct cit cm tga gct 468 

1tA\t34(^ tEA iiGA CAA GOC TOC TGA AAG TGA TAT 507 

^ C^rc Gj^A dS§ ffif GAG 546 

AAG 1^ AM? ^ 585 

^^mxn^ GGC GA* ^6(3* ItiA AgA AAG TCA AAC ATG AAG 624 

Tok icA firr "iM icA ggt cAA gat tti ogt gac 663 

AGA AAG TCT lAA AGft i?G/^ MX3 OGA CXT GGT TCT GGT CTT 702 
Cl^ dAA ACT^CAA GM? ffi CAG AST GAG TEA AAA GAG AGA 741 
CAA iTT GiT tnXa TCa^ GCT TGA OCT TAG ACA 778 
(^) INf^OftMAIlbN^ai^ lb N0:16: 

(t) S^QUENeibHA^dltftlStlGS: 

(A) LfeNQlrH! 18 base pairs 

(B) lYf*^\ Nucleic acid 

(C) 6111ANDfebNfeSS: single 

(D) TdJ%LCI(^: linear 

(lOMoLEGULiWlf^a. DMA 

(kO SEQUfeNG^ beSdRIPTlON: SEQ ID NO:16: 

GtercSMar !nx3c?rA6r\ 18 
(2) INf^QI^MAtldN f^dft Sia lb Na^ 

(I) SECaUENCfe CHAfUctEmSTlCS: 

(AjLENStH: fB bsise pairs 

(B) lVr^E: Nticlelc acid 

(C) S11lANbi3NESS: \ Single 

(D) tOf»5LaQY: llnei 

(II) Molecule tvt^fe: dna 
(xi) Sequence bfescRipnoN: seq\(d no:17: 

TEAIAltejriC ITC^^ 18 
(2) INFORMATION Po^ SEO ID N0:18: 

(1) SEQUENCE CHAftACtERISTICS: 

(A) LENGTH: 1401 base pa\s 

(B) tYf»fe: Nucleic acid 

(C) STRANDEbNESS: single 

(D) Tdfi6L5GV: linear 

(il)MOLEGULgfy|ife DNA 
(XI) SfeQUfeNci bfeSCRirrioN: SEQ id NOrlS: 
ATG ICA TCA GGT (?n? TAf GAA TOG ATC ATT CAG ACA )WVS 39 
GCT TCA GIT TOG GGA TOG ACA GCA TCT GGT AAG TCC 78 
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VGIXS ^ TCT TAC TGG MT TAT GAG TTT CCA ACT GGT TCT 117 
^ GTf GAA Mr ItG TAC TCT GAT TOG kSG AGC 156 
Mr AQC TTC (3GC lAc ACT TCA MA. GGT GAT MT 195 

cci'Sx^r X3tk 6ag gAq tM Att m icr gag aac cat 234 

Arc dsA CTG !i5t GAT ftri? gat TTC Aod M)C A!At ATC 273 

AA^ it^r !&tC ftd GGA AlT tK^T TSi? lOG AAG ACA 312 

AAg; AAJ GCSA AAG CAT GAG GGT CAl &T AAA 351 

Gl?l? ^ TO diT GCtl CAA ITC 390 

A3?6 AQG\i^ 429 

GAA dAA GAit Am AJt CGtf GAT GAG AAA TAT ATA TGT GCT 468 

GCT AAd AAG GQA Kn? C*C TCC TGT GTC AAA GAA CAT ACT 507 

TAG AAA GiC GAKyAiXS AOC CAC AAT CAG GCT TTA QGC AAA 546 

GiX3 AAT GT*r err TCT CCT AAC AGA AAT GTT cat gag tog 585 

CTC tAT ACT TTC AAA CCA AAT TTC AAC CAG ATC GAA ACT 624 

AAT AAG AGA ACT GrA\AAT TCT CiT GCA GTC AAA TCT TTG 663 

CTC A3te OCT ACA GAA AAC AAC ATT ATG OCT AAC TCT CAA 702 

GCT *rlT GTT AAA GCT TCT ACT GAT TCT CAT TTT AAG TTG 741 

Aqc drr tgg ctg aga aitNoca aaa gtt ttg aag cAa Aia 780 

GOG AIA CAG AAG CTC TtC A?^G TTT GCA GGA GAC GAA AOC 819 
GCT AAA Afft ire M "ETC iXJK ATT GCA TQC ATC OCA AAT 858 
CAC AAG AGT CTS GAA ACA GctN^ AAT GTC ACT CTT ATA 897 
TCT AgA cat CAG CTT CCA ATC CXST AAG TCC AAA GCT CCT 936 
TTI (3AA TEA TCA ATG An? TTC TOC\GAT CTG AAA GAG CCT 975 
TAG AAG ACT CTG CAT GAT OCT TCA W OCT CAA AGG ATI 1014 
CTf GAT GCT Tte err GAG act CAC act TCC TTT GCA CAA 1053 
GTT CTC TGC AAC AAG CTG CAA GAA GAT\CTG ATC AlA TAT 1092 
ACT AlA AAC AQC OCT GAA CTA AOC CCA OCT AAG CTG GAT 1131 
CTA GCT GAA AGA ACC ITG AAC TAC ACT GA^GAT GCT TOG 1170 
AAG Aag AAG TAT TTT CTT TCA AAA ACA CTC^AA TGC TTG 1209 
CCA GTA AAT GTC CAG ACT ATG TCT TAT TTG AGO ATC 1248 
CAG Airf OCT TCA TCG AAG AIA GAC TIT QCC AGANgGA GAG 1287 
Arc AGA Arc TOO OCT CAA TCT ACT CCT AIT GCA AGA TCT 1326 
TiGGrcAAGGTCGArnGAGCAAGATCAAGGAA AMI AAG 1365 
IXX: ITC ACT TGG GAA ACA TCC AGC lAT GAT CTA GAa\401 
(2) INf^ORMATION FOft SEQ ID NO:i 9: 
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(i) SEQUENCE CHAftACTERISTlCS: 

(A) LENdtVI: 777 basd pairs 
{B)lVf^E: Nuclfelc acid 

(C)&tf)ANb^NESS: gingle 
(b)1tJP0LaQY: llh§af 

()d) g^iNci tjgga^lmioNi: 3EQ lb N0:1d: 
Ate AAG G5fc AAta Cfl?G ACA AAA GAA AAC AlT GTC TCT 

ACfi? (Sa Kff Gc^ (SPr TiT gAa gAA gAc cAg Aac 

GCA ^E^G »AC AAd Act TTC TGT CAG (ffiA AAT CTT (3^ 

AftQ AAA ATG A6r Airc! Act tcA tgt tig act ire ttg aag 

CAA (3GC ATi? AlG AAA (31*1 GTG AAC CAA AGT GAT TtT ACT 
A^ GTC AOCsWa aag AAA AAT TCT GAA AGA GTT GGA GCT 

Ate ACT trc aqg aqg ctt? gAt agc atc ata aga gtg aag 

15 GAA act GGA AaG AAf GAG AAT CTT GCT ATT ATC AAA 

Arr QdG tec caq gCT ^tggtccaagcttacgggctgcxit 

GAT GCA AAA TCT AGA CTT OCT AlA ATC CTT GGA. GCT 

(XTCT£AltGCTTCT(jrfGACAQCTTCGAGATCA^ ACT 

CTT GDC ATA TAT CAA GAf GCA AAG TAG AAG GAG TEA GGG 
20 CXA ACT AAG TAC AAC\ACT AAG GAA GCT CIG GGG AAG GTT 

Gte Ctt AAA AqC AAA 

AAA GGG AAA GAA TAT 

GCT Aag GGA AQC ATT 

AAA Tte TAT GAA ATC 
25 GCT GTt GCA -IAA 777 

(2) INPbRMAtldN FOR SEa IDNNO20: 

(0 SEQUENCE CHARACTkRISTICS: 

(A) LENGTH: \40 base pairs 

(B) TYPE: Nucleic acid 
3 0 (Cj STRANDEDNESS: \ single 

(b)tOf»0LddlV: linWr 

(11) MOLECULE tVPfe: DMA 

(xO SEQUENCE bESCRIFTION: ^Q ID MO20 

TACTTATCtA GAACCMt3GA GAAAGCAAAG l^CCAAGG 40 

3 5 (2) INf^ORMAtlON TOR Sfed ID N0:21: 

(I) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 42 base \pairs 
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ITT ACA ATC GAT GAT GCA CAG 
AAG ATA CTT ACT TCT TQC AAT 
Arc GAC TAT TAG ACT GAT AAT 
GGA GIT AAG AAA GAG GCC AAG 



CTT TTA 
CAG GTC 
CTG ATT 
AAT CGC 
TTT GCT 
AAG GAT 
Crc ATA 
GCA AAA 
CTC GCA 
ACT ATC 
GTT GTT 
AIT GAA 
TGC ACA 
ATA AAC 
CCC AAT 
CTT GAC 
ATT GCT 



45 
'90 
135 
180 
225 
270 
315 
360 
405 
450 
495 
540 
585 
630 
675 
720 
765 



(B) tYP^: Nucleic acid 

(C) STfUNbEfjNESS: single 
(bjlDl^aLaeY: linear 

(lOMiieCULeiYt^e: DMA 

;j(D geaulNiSi ii^etti^oN: sfeQ id Nd2l : . 
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^TIdMJ:bHSEC3lbN022: 

jU^NcE GHAf^AdTERIStlCS: 
v(A) LEMStH! 36 base pairs 

itVf^fe: Nucleic acid 

StRANDEDNESS: Single 
itbPdLddY: linear 

(li)MaL£GyLfe1V»^fe: DNA 

(XO S^QUENce DESCRIPTION: SEQ ID NO-22: 

OCATGGrmA CACACEAAGC AAGCAC 

(2) INf^aRMAiidN Fcfe SEQ ID N053: 

(!) SEdUiNCfe CtlARACTERISTICS: 

(A) LENtaflrl: 46 base pairs 

(B) TYPE: \ Nucleic acid 

(C) StRANDEbNESS: single 
(bjtdPOLCXSV: linear 

(li) MdLEdULE tVPE:\ DNA 

(J(i) SEQUENCE DESCRIPTION: SEQ ID N023: 

AQClAAiicm GAACCATQGA TCAQIXSOA AGGAAA.QCAT TSTTGC 46 

(2) INf^dRMATldN POR SEQ ID N054: 

(t) SEQUENCE GHARACtERlSTICS: 

(A) LENGTH: ^ base pairs 

(B) TYPE: Nfcicleic acid 

(C) STRANDEDNESS: \ single 

(D) TOPOLOGY: llneVr 

(ii) MOLECULE TYPE: DNA 
(xi) SEQUENCE DESCRIPTION: S 

ctXAciAarc ttcqcaagac 

(2) INf^dRMATldN POR SEQ lb NO:25: 

(i) SEQUENCE OHARACtERlSTICS: 

{A)LENdtH: 39 base pairs 

(B) TYF>E: Nucleic ac 

(C) STRANDEbNESS: singi 

(D) tOPdLdGY: linear 



I ID NO:24: 
22 



■J 

I I 



(II) MOLECULE ^Pfet DNA 
J[Jd) 6£C3U^6I Bi^Gl^lPIION: SEQ ID N025: 

T^GAloTQGAa? CXaiGGITAA GGTRATOCAT AQQCrTGAC 39 
(2) iNPa^tiaN pm Ib Nd:26: 

(t) §X§UiNai dNAftAatfelqlStlCS: 

(A) LINdltN': 40 ba^e pairs 

Nufcleie add 

imtUMDEbNESS: single 
toPOLOQY: linear 

(ll)M0LE6uLltVPii DMA , 

(xl)SfeQUB^bibfe§dWF^0N:SEQlDN026: ' 

(aGriAAGCTC ACTftAGGAAA GGATTGITGC 40 

(2) iNPOfiMAtioN Pbn sfea lb N027: 

(i) SEQUENCEXJHARACTERISTICS: 
1 5 (A) LENQjH: 46 base pairs 

(B) 1yPE:\ Nucleic acid 

(C) STRANDEDNESS: single 

(D) T0P6L0QY: linear 

(iOMOLECULfetYRE: DNA 

2 0 (Jcl) SfeQUENGE bESGRIPTION: SEQ ID N027: 

AQGERAaxnA GAACCAIGGA TSOCACm AGGAAAQCAT TGTTGC 46 
(2) IN(^§RMAtldN FOR Sfed lb NO:28: 

(I) fefedUiNcE CHARAcVeristics: 

(A) LENGtH: A 36 base pairs 
25 (B)TYPE: \ Nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: \lnear 

(li) MOLECULE TYPE: 

(XI) SEQUENCE DESCRIPTION: SEQ ID N028 

3 0 AQCAITQGAT CCATGGnm CACACIAAGC AAGCAC 36 

(2) INFORMATION FOR SEQ ID NO:29 

(I) SEQUENCE CHARACTERISTIC! 

(A) LENGTH: 39 bas'e pairs 

(B) TYPi: NuclelcNacid 
3 5 (C) STRANDEDNESS: sliiflle 

(D)T0P0L0t3Y: linear 

(II) MOLECULE TYPE: DNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID N^D59 

T30^GITCTA gaaocatgga tcatgcm^ag TCTSTGAGG 39 
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(^) IN^ftMAtl(?)N Pm lb NO:30: 

(l)^&dUlN0E dHAftAotERlSTlCS: 

(A) LEN(^tt^l 49 bdsd pairs 
(i)1V(*^! Nubieic acid. 

5 \(d)3tftANbfebMESS: Single 

/^W mWm^i linear 

(li)MdLgSy^^ DNA 

^ (Jit) Si^UfeNfii bi§6RIPl16N: SEQ ID NO:30: 

ASMi^ (^OGA^^ ACTTGATGAG d^AAGTCTGr GAQQCITGC ,49 

1 0 thus While we have illustrated and described the preferred 

efflbdaifflems at our Ihvehtlbh, it is to be Undersieed that this invention 
is 6apabie 6f veri^tlOH and nidditicatlbn, and we therefore do not wish 
tb be IIHlited td the pfebise terms set forth, but desire to avail 

bUf-seives bf such bheii^eS and alterations which may be made for 

1 5 adaptih^ the inventibn tb various usages and conditions, such 

veHatldhS end niodlfibStlbhs. for example, would include the 
SubStitutibh bf StructUfdIly similar nucleic acid sequences In which the 
differehbe between the sequence shown and the variation sequence is 
subh that little if any edventeges are available with the variation 

20 sequence, i.e. that the sequences produce substantially similar results 
as de^bflbed above. thuSj changes In sequence by the substitution, 
deiettbn. Inseiilon or addition of nucleotides (in the nucleotide 
sequences) of amino acids (in the peptide sequences) which do not 
Substantially alter the function of those sequences specifically 

25 described above are deemed to be within the scope of the present 

Invention, in addition^ it is our intention that the present invention may 
be modified to join the 1^1 genes of various Isolates that provide 
resistance or immunity to Tospovitus infection of plants according to 
the present Invention into a single cassette, and to use this cassette as 

30 a transgene in order to provide broad resistance to the Tospovlruses. 
espeeieily te tSWV-ei, tSWV-Bi and INSV. Accordingly, such changes 

end iitefatibrts are fifbperly intended to be within the full range of 
equiveienls, end therefofe Within the purview of the following ^claims. 
Having thus described bur invention and the manner and a process 

3 5 Of making and Using it in such full, clear, concise and exact terms so as 



id ennbtd 6hy pefsoh §kill§d iti the art to which it psrtdins. or with 
whi^ it i§ md§t H3flf(y adhHd6t6di ta rh^t<d nhd uss th§'^§Hi§; 
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